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Articles 
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Book Reviews 


Reports 
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Fission in the AEC 


Superconductivity: A Solved Problem? H. W. Lewis 


Modern theoretical physics has come close to explaining this hitherto 


baffling phenomenon. 


Potential Productivity of the Sea: J. H. Ryther 


Organic production by marine plankton algae is comparable to agricultural 
yields on land. 


Robert Redfield, Anthropologist: M. Singer 


Nuclear Weapons Test Moratorium Extended; Congressional Report Says Current 
Fallout Not Hazardous but Warns against Test Resumption 


Science Study Series, reviewed by C. Hellman; other reviews 


Individuality of the Meromyosins: W. R. Middlebrook 


Specific Action of Adenine as a Feedback Inhibitor of Purine Biosynthesis: 
J. S. Gots and J]. Goldstein 


Dispersal of Fresh-Water Algae by Migratory Water Birds: V. W. Proctor 


Effect of Light on Motility, Life-Span, and Respiration of Bovine Spermatozoa: 
C. Norman and E. Goldberg 


Mechanism of Enzyme Inhibition by Phosphate Esters: S$. A. Bernhard and 
L. E. Orgel 


Immunization of Mice against Toxic Doses of Homologous Elementary Bodies of 


Trachoma: S. D. Bell, Jr., J. C. Snyder, E. S. Murray 
Sublimation Freeze-Drying without Vacuum: H. T. Meryman 


Photodynamic Inactivation of Monkey Kidney Cell Monolayers: 


S. W. Klein and S. H. Goodgal 

Effects of Differential Infantile Handling upon Weight Gain and Mortality in the 
Rat and Mouse: V. H. Denenberg and G. G. Karas 

Procedure for Studying Olfactory Discrimination in Pigeons: W. J. Michelsen .... 


AAAS Finances: Report for 1958 


Forthcoming Events; New Products 
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Typical reference fringe 
pattern obtained from 
standard production model. 


Sales and service facilities on 

the Model H are available on the same 
basis as for Spinco Ultracentrifuges, 
assuring prompt, efficient service 

for users here and abroad. 









Electrophoresis of human 
serum diluted 1:6; ascending 
boundaries. Inclined knife-edge 
schlieren and Rayleigh fringes. 





ELECTROPHORESIS 
AND DIFFUSION 
in one precision instrument 






As protein research progresses, biochemists rely more and more 

upon instruments of high precision for diffusion and electrophoresis studies. 
Especially critical are the optical measurements needed to obtain 
accurate diffusion coefficients, absolute electrophoretic 

mobilities, and information on purity. 

An exceptional optical system is one of the outstanding features 
which have made the Spinco Model H invaluable for exacting work in both 
electrophoresis and diffusion. Light passes through each operating cell 
twice, giving double sensitivity. Patterns are sharply defined and 
peak positions can be precisely determined. Reproducible measurements 
may be made to better than 1/25 of a fringe, which corresponds to 
approximately .00025 percent protein. 

The optical system is flexible, too. It permits measurements by 
five different methods — ordinary and cylindrical lens schlieren, Rayleigh 
and Gouy fringes, and mechanical scanning. 

Further versatility is achieved by a rotary cell turret which 
supports three operating cells. Any combination of diffusion and electro- 
phoresis studies may be performed simultaneously with the three cells. 

We'd like to tell you more about the Model H and how it 
can fit the requirements of your research program. For complete details, 
please write Spinco Division, Beckman Instruments, Inc., Stanford 
Industrial Park, Palo Alto, California, for information File H-5. 


Beckman® 
Spinco Division 
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New! Hutchinson—CHEMISTRY 


The Elements ; Written for the intensive one-year 
and their Reactions course, this text approaches general 
chemistry from the deductive point of view. The author’s years of 
experience in teaching general chemistry to freshman and sopho- 
more students have greatly influenced his choice of material. His 
approach is distinctly non-historical. Dr. Hutchinson begins with 
a modern explanation of the atom logically followed by important 
data on the laws and principles of physics which relate to chemis- 
try. The first three parts of the text give a rigorous presentation of 
the chemical theory. (Problems follow each chapter). Part IV, cov- 
ering nearly one half the book, gives the student detailed descrip- 
tive chemistry. This section discusses 24 elements typical of the 
various chemical families they represent. 


By Eric Hutcuinson, Ph.D., Associate Professor of Chemistry, Stanford University. 
745 pages, 6” x 91%”, with 373 illustrations. $7.50. New! 


New! Hutchinson—ELECTRONS 
ELEMENTS and COMPOUNDS 


A shorter version of the A Skillful Condensation of 
text described above. Dr. Dr. Hutchinson‘s longer text 
Hutchinson has provided this volume to meet the needs of solid 
one year courses where the longer text may be too “heavy”. This is 
an excellent book to provide the beginning student with a compre- 
hensive background in chemistry—giving him all the important 
principles but not ge him with detailed mathematical equa- 
tions. It omits only that information not of vital importance to a 
general chemistry course. This has resulted in a book about 200 
pages shorter. 290 of the author’s excellent illustrations, drawn in 
the 3-dimensional effect, have been retained. 


By Eric Hutcuinson, Ph.D., 582 pages, 6” x 914”, 290 illustrations. $6.00. New! 


ee I 
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SAUNDERS BOOKS 


Villee, Walker & Smith— 
GENERAL | “svete 
ZOOLOGY 


and Invertebrates 

A beautifully illustrated zoology text. Its unique 
presentation of both vertebrate and invertebrate life 
emphasizes not merely anatomy, but also habitat, 
mode of life and role. The authors maintain a bal- 
anced treatment between the biologic approach and 
the animal types approach. General concepts are 
clearly explained in the beginning of the book. Ver- 
tebrate morphology and physiology are presented in 
detail. No previous course in biology, chemistry or 
physics is necessary for a complete understanding of 
text material. Classification of animals conforms to 
the latest thought in taxonomy. Features and teaching 
aids include: 444 instructive illustrations—important 
terms in bold type—a detailed consideration of the 
frog introduces 
the vertebrates— 
each invertebrate 
phylum occupies 
a separate chap- 
ter — review 
questions end 
each chapter. 





(for a clear 
and concise 
lab manual, 


Wings of the cockroach, showing numerous see below) 
veins characteristic of more primitive insects. 


By Craupe A. Vitter, Harvard University; Warren F. Wacker, Jr., 
Oberlin College; and Freperick E. Smirn, University of Michigan. 
877 pages, 6” x 914”, with 444 illustrations. $7.50. 


Fisher & Kitzmiller—Laboratory Exercises in GENERAL ZOOLOGY 


Each of the 34 exercises in this handy lab manual is 
proceeded by clear and concise introductory statements neces- 
sary for correct student interpretation of laboratory work. 
This allows for a possible elimination of extensive oral pres- 
entations during lab period. Emphasis is on all the zoological 
principles of biology and their functions, not just the dissec- 
tion of animals. There is up-to-date coverage of mitosis, 
meiosis, genetics, embryology, evolution, symbiosis, taxonomy 
and reproduction. 


The first section of the manual surveys the animal kingdom, 
the second is devoted to the comparative anatomy of organ 
systems. Though designed to closely follow Villee-Walker- 
Smith (above) this manual can be used effectively with any 
zoology textbook. 


By Harvey I. Fisner, Ph.D., Chairman, Department of Zoology, Southern 
Illinois University; and James B. Kirzmitter, Ph.D., Chairman, Department 
of Zoology, University of Illinois. 227 pages, 842” x 11” 


, illustrated. $4.00. 
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for dependable, precision microtome sectioning 


LEITZ LARGE MINOT ROTARY MICROTOME 


The Large Minot Rotary e precision micrometer mechanism permits selection of 
Microtome (#1212) embod- cutting thickness between 1 and 25 microns 

ies traditional Leitz quality 
in a heavy design that in- 
sures the utmost rigidity and 
freedom from vibration. @ Pall-and-socket clamp permits rapid positioning of the 
This microtome is ideally Specimen in any direction 

suited for rapid, accurate, inclination of the knife readily adjustable as required 
serial sectioning of biolog- 
ical and pathological speci- 
mens and for industrial 
applications such as exami- ¢ conveyor belt available for receiving series of sections 
nation of textile fibers. Write today for illustrated brochure #53-8, “Leitz Microtomes.” 





e rigid knife blocks with rotating knife clamps, heavy ball- 
and-socket device for object clamp and paraffin stage 


e adjustable knife block available for producing paraffin 
sections with obliquely positioned knife 


E.LEITZ, iNc., 468 FOURTH AVENUE, NEW YORK 16, N.Y. 
Oistribu to re o f the world-famous preduvuects of 
Ernst Leitz G.m.b.H.,Wetzlar, Germany-—Ernst Leitz Canada Ltd. 
LEICA CAMERAS - LENSES : MICROSCOPES : BINOCULARS 





Other Leitz Microtomes: 


Freezing Microtome (#1213) Large Freezing Microtome Base Sledge Microtome (#1800) for large 

for sections from 5 to 10 mi- (#1310) for sections from 2.5 and/or very hard sections from 1 to 20 

crons in 5-micron intervals. to 50 microns in 2.5-micron microns thick. 
intervals. 


32559 
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Now, Kimble offers KIMAX fi 


(Made from hard horosilicate glass }... 


puuninnt 





A 


\N 










... laboratory glassware that shrugs off heat shock and chemical attack 


New Kmax “hard” glass apparatus offers 
exceptional resistance to heat shock, 
mechanical shock and chemical attack. 
And it’s easy to repair and modify .. . 
can be sealed to your present borosili- 
cate apparatus. 


24005 EXTRACTION APPARATUS. Condenser 
jackets and exterior bodies are made of 
heavy, uniform tubing for greater strength. 
In new design vapor by-pass channel pro- 
tects siphon tube. Interchangeable with 
other makes. In 30, 38, 50mm sizes. 


25055 BOILING FLASK. Made to withstand 
severe thermal shock. Finely ground joints 
provide vapor-tight fit when used with ex- 
traction apparatus. Flat bottom adds sta- 


bility. In 125, 250, and 500 ml capacities. 
16040 CONNECTING BULB. Lower tube fits 
special Kjeldahl stopper. Inside tips de- 
signed for unrestricted counterflow of liq- 
uids and vapors. Glazed tips and uniform 
tubing provide extra strength. Two bulb 
sizes, 45 and 55mm. 

26505 ERLENMEYER FLASK. First to be made 
available with screw-cap finish. Useful for 
mixing and storing culture media and for 
many chemical purposes. Supplied with 
caps. Available in 125, 250, 500, and 1000 
ml capacities. 

29048 SEPARATORY FUNNEL. Large neck 
openings and sloping shoulders permit easy 
cleaning. Stems are sized to permit liquid 
column to break and drain after shut-off. 


KIMAX is available through dealers in the United States, Canada and principal foreign cities. 


KIMBLE LABORATORY GLASSWARE 
AN @ PRODUCT 
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Stopper hand-lapped to neck for leak- 
proof fit. In 60, 125, 250, 500, 1000 ml 
capacities, 

27400 KJELDAHL FLASK. Necks tooled to in- 
sure accurate stopper fit. Reinforcing beads 
at top and uniform walls minimize breakage. 
Chemical resistance of KG-33 glass greatly 
reduces etching. Seven sizes, from 10 ml 


capacity to 800 ml. 


Kimax enables Kimble to offer greater 
savings because of its more complete 
line. Ask your dealer about quantity dis- 
counts. Kimble Glass Company, your 
most complete source of laboratory glass- 
ware, is a subsidiary of Owens-Illinois, 


Toledo 1, Ohio. 


Owens-ILuinoIs 


GENERAL OFFICES +» TOLEDO 1, OHIO 
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APPLICATION FOR HOTEL RESERVATIONS 
126th AAAS MEETING 
Chicago, 26-31 December 1959 


The four hotels for the AAAS Chicago meeting have established special low rates and have reserved large blocks 
of rooms at each level within the price ranges quoted. Thus everyone making room reservations for the AAAS meeting 
is assured substantial savings. Further, all confirmations will state the room rate assigned. 

The list of hotels and their rates and the reservation coupon below are for your convenience in making your hotel 
reservation in Chicago. Please send your application, not to any hotel directly, but to the AAAS Housing Bureau in 
Chicago and thereby avoid delay and confusion. The experienced Housing Bureau will make assignments promptly; a 
confirmation will be sent you in two weeks or less. 

If desired, the hotels will add a cot at $3.00 per night—except that all children under 12 are free. Mail your 
application now to secure your first choice of desired accommodations. All requests for reservations must give a definite 
date and estimated hour of arrival, and also probable date of departure. 














AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
For a list of the headquarters of each participating society and section, see page 228, Science, 24 July. 
Rates for Rooms with Bath 
Hotel Single Double Bed Twin Bed Suite 
Morrison $6.50— 9.00 $9.00—13.00 $11.00—15.00 $30.00 and up 
Hamilton 6.50— 9.50 9.00—13.00 11.00-15.00 25.00 and up 
La Salle 8.00—10.00 10.50—13.00 12.50-15.50 35.50 and up 
Sherman 7.45—-12.45 11.45-16.45 14.45-19.50 28.50 and up 
So nnn THIS IS YOUR HOUSING RESERVATION COUPON ———-——-———-——— 


AAAS Housing Bureau 
Suite 900 

134 North La Salle Street 
Chicago 2, IIl. 


Please reserve the following accommodations for the 126th Meeting of the AAAS in Chicago, 26-31 Dec., 1959: 
TYPE OF ACCOMMODATION DESIRED 


BIS TROON. 50's. %s bist 0 sep sce BPONITEU ANOLE \6.5.0 0c cise ees 6s Maximum RAte .6 8 660 ee sie es 

Double-Bedded Room ........ MPGRITCR TRACE ono siesies se ese Maximum Rate. 60. Sees Number in party ......cceeeee 
Twin-Bedded Room .......... BPERITER TRACE i's coos fee ees’ Maxim RAE 66 osse cs cee 

BO oss signs Sameer ee eres SPERINEG TRATE 1)0:6.0. 0s 0. cre.siass Maximum Rate ......seeee0e Sharing this room will be: 


(Attach list if this space is insufficient. The name and address of each person, including yourself, must be listed.) 


Cee eee we ew wwe eee ewww ee EEE HEHEHE HEHEHE HEE ERE EHEH HEHEHE HEHEHE HEHEHE HEE EES HEHE EEE HEHEHE HEHEHE HEHE S HEHEHE SHEE HH EH EH HEHEHE 


Cee eRe eee ee eee HEHEHE EH EH HEHEHE HEHE HEHEHE EEE HEHEHE HEHEHE HEHEHE HEHEHE HEHEHE HEHEHE HEHEHE HEHEHE EHE HEHEHE HEHEHE EHH HH HEHEHE 


Peis le anew ik toe ocie oie eae Third Choice Hotel ........cccccceees 
Ae eS kk i) FRR Pei eee ie eee DEPARTURE DATS ois cc ci catBede otw eee Meee ee se Ver 
(These must be indicated—add approximate hour, a.m. or p.m.) 
(| ee on A ee ee rer tere ek eT a a ee Sil 
(Individual requesting reservation) (Please print or type) 
ADDRESS 


ee 


(Street) (City and Zone) (State) 


Mail this now to the Housing Bureau. Rooms will be assigned and confirmed in order of receipt of reservation. 
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Introducing the Young Adults’ Division, a program of unique firsthand 
experiences in science for gifted young people, aged 12-16 


~The Library of Science offers 








your child | Free 





either of these 








valuable science materials 


Ce 


4 


MICROSCOPE KIT 


This imported micro- 
scope, available nowhere 
else, is accompanied by 
a lucid, highly illus- 
trated, 32-page manual 
on Your Microscope 
and How to Use It. Ten 
other essential accessor- 
ies include eyepieces 
for total magnification 
range of 25-300x, elec- 
tric illuminator, 12 pre- 
pared and 25 blank 
slides. Sturdy wooden 
case. Ages 12-16. 


RETAIL PRICE $19.95 


& 


1 pamabescs CREATED for the children of 50,000 working 
scientists and educators enrolled in The Library of 
Science, the Young Adults’ Division is now open for the first 
time to other gifted young people whose parents wish them 
to share in a unique educational program. 

To this select group of 12 to 16 year old boys and girls, 
The Library of Science systematically offers the finest science 
materials — kits, instruments, equipment, books — all pre- 
tested, age-graded and carefully balanced to place equal 
emphasis on the basic areas of science from astronomy to 
mathematics, from nature to weather study. 

Selections are made from the products of hundreds of 
manufacturers after thorough testing — usually under actual 
classroom conditions, in cooperation with The Association of 
Childhood Education International. All testing is supervised 
by our educational director, H. Ruchlis, former president of 
the N. Y. Federation of Science Teachers. 

To introduce your gifted young adult to the benefits of 
this program, you are invited to choose as his Free Member- 
ship Gift either of the valuable sets illustrated. Your only 
obligation as a sponsor is to take 4 of the monthly Selections 
at reduced Member’s Prices (often as low as $3.95) — one 





BEGIN MEMBERSHIP WITH ONE OR MORE OF 
THESE PRE-TESTED, AGE-GRADED SCIENTIFIC SELECTIONS 








BRAINIAC K-30 KIT 
The basic principles of 
computers and automa- 
tion are demonstrated 
by this exclusive new 
version of the famous 
“electric brain’’ con- 
Struction kit—with illus- 
trated 64-page manual. 
Solves problems in rea- 
soning, logic, mathemat- 
ics, Scientific puzzles. 
Easily assembled without 
solder, battery-powered. 
Ages 12-16. 

RETAIL PRICE $18.95 


Selection to be chosen now from the 4 listed below, and the 
other 3 at any time during the next 12 months. Money-back 
guarantee on all Selections. 

ALSO FREE to Y. A.D. members — Tomorrow's Scientists 
magazine for young people, issued 8 times yearly by the 
National Science Teachers Association. Contains articles by 
eminent scientists, science news for young readers; stimulat- 
ing projects, experiments, puzzles and games. 





EDITORIAL ADVISORY BOARD 


ROBERT H. CARLETON GEORGE W. CORNER 
Executive Secretary Historian, Th 


HARRISON BROWN 


HENRY MARGENAU 
Professor of 


Professor of Physics 


Geochemistry National Science Rockefeller Institute and Natural 
California Institute Teachers Association for Medical Research Philosophy — 
of Technology Yale University 














MAGNETISM and STATIC ELECTRICITY 
KITS. Principles of one of the fun- 
damental areas of modern physics. 
Each kit accompanied by a 48-pg. 
manual containing as many as 75 
intriguing experiments. Ages 12-14. 
otal List Price $6.00 

Member’s Price $3.95 


LIGHT AND COLOR KIT. Contains 
Spectroscope and Light Polarizer 
Kits, with manuals totaling 44 
pages — plus Minnaert’s famous 
book, Nature of Light and Color. 
Ages 12-16. 

Total List Price $6.20 

Member's Price $4.95 
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FRONTIERS IN SCIENCE. Edited by 
Edward Hutchings, Jr. Pauling, 
Oppenheimer, Hoyle, DuBridge, 26 
others explain the latest findings 
in the major areas of scientific 
research. Ages 12-16. 

Publisher’s Price $6.00 

Member’s Price $4.95 


ULTRA-VIOLET SCIENCE KIT. Mate- 
rials for nearly 50 experiments in 
chemistry and mineralogy demon- 
Strate the concepts and applica- 
tions of fluorescence. With instruc- 
tion manual. Ages 12-16. 
List Price $11.95 
Member’s Price $7.95 


YOUNG ADULTS’ DIVISION, The Library of Science Y-1é 


59 Fourth Avenue, New York 3, N. Y. 


Please enroll the following new member in the YOUNG ADULTS’ 

DIVISION, and send him immediately the Free Membership Gift 

indicated. With it, also send the first Membership Selection shown, 
‘ and bill me at the price indicated alongside, plus postage. For each 
i new member, also open a free subscription to the eight-times yearly : 
: N.S.T.A. publication, Tomorrow’s Scientists. 1 understand that the 
only obligation of membership is to take threemore Selections during 
the next 12 months, at the reduced Member’s Price. Please bill me, 
as adult sponsor, for all selections. 

MEMBERSHIP GIFT (check one) 

(€ MICROSCOPE KIT 0 BRAINIAC K-30 KIT 


FIRST MEMBERSHIP SELECTION OTHER SELECTIONS DESIRED 


(fill in) ‘Lenin 


stscpiiatinisine Prey 











ENROLL NEW MEMBER BELOW 


| Name 








Address. " 
City. State 
SPACE BELOW FOR ADULT SPONSOR 





Memb 


Age. 








Address. 





} 


City. 


& agrees SORE —— 
SESE Nae or RSS Bem cee 





scoemmmanconstamnennauaceance tte arene me 2100 
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GET READY FOR THE SPACE ana SCIENCE ERA! SEE SATELLITES, MOON ROCKETS CLOSE- net 


“AMAZING OPTICAL BUYS 


*,and OTHER SCIENTIFIC BARGAINS 





American Made — Terrific Buy! 

Over 50% Saving 
STEREO MICROSCOPE 
Years in development. Equals $300 to 
$400 instrument. Precision American 
made. Used for checking, inspecting, 
small assembly work. Up to 3” work- 
ing distance. Clear, sharp, erect im- 
age. Wide, 3 dimensional field. 2 sets 
of objectives on rotating turret. 23X 

and 40X. 10 Days Free Trial. 
Stock No. 85,056-W ...... $99.50 
f.o.b. Barrington, N.J. 


Low Power Supplementary Lens Aattachment for above Stereo 
—provides 15X down to 6X with clear, extra large 144” 


fleld at 6X. 
30,276-W 





Stock No. $7.50 


NOTICE! 
EDMUND IS NOW HEADQUARTERS 
FOR MATH LEARNING AND 
se | TEACHING AIDS! 








Play This New Game — 
MATH MAGIC... 


The Fun-way to Math Skill! 


Educator-approved! 3 fascinating games in one! Great fun 
for the whole family. Increases skill at addition, sub- 
traction, multiplication, division. Inclu’es Dial and Spinner, 
Numbered Cards, Plastic Tokens, ete.—also rules and 
directions 


eee MO. TOO 5005s 6a eee 


$3.00 Postpaid 
MATH IS ESS 






INTIAL FOR SCIENCE—-BUSINESS—COL- 
LEGE! WE HAVE DOZENS OF NEW ARITHMETIC AND 
MATH GAMES; LEARNING AND TEACHING AIDS. WRITE 
FOR OUR FREE CATALOG W. 





D-STIX CONSTRUCTION KITS 
For Scientists, Teachers 
Scientists, teachers, planners—let D- 
STIX help you visualize and erystallize 
complex ideas. Colored wood sticks 4%” 





thick and ‘‘easy-on’’ rubber joints ap- 

prox. 3/16” diam. fit together fast— 
help you work out molecular structures, geometric figures, 
structural members, shapes, models of scientific apparatus. 
Ideal for ‘‘3-dimensional thinking,’’ instruction, demon- 
stration. Durable kits. Money-back guarantee. 
Stock No. 70,209-W (230 pes) ...........0005 $3.00 
Stock No. 70,210-W (370 pes) .........cc00e $5.00 
Stock No. 70,211-W (452 pes) ..........0-055 $7.00 





REPLICA GRATING—LOW, LOW COST 
Take Unusual Color Photos at Night 
It’s here—after decades of effort! 
Replica Grating—on film—at very 
low price. Breaks up white light 
into full spectrum colors. An exeit- 
ing display. 13,400 lines per inch. 
Diffraction Grating has been used 
to answer more questions about the 
structure of the material world and 
the universe than any other single 
device. Use it for making spectroscopes, for experiments, 
as a fascinating novelty. First time available such large 
size—so cheaply. Comes in clear plastic protector. 
Stock Ne. 50-202- W — Includes 2 pleces 8” x 542” 
Issi pe .. $2.00 pstpd. 


lt type, 1 eting ty 
HIGHER QUALITY 15,000 LINE 
REPLICA GRATINGS 
Reflecting type! A piece of glass is ground and polished to 
an optical surface and coated with aluminum—15,000 lines 
per inch are ruled on to this surface. 


PLANE Size: 2x2”, %” thick. Ruled area 1%” x 1%”. 
Blaze wave length 4000A. 
. $30.00 Postpaid 











Stock No. 30,320-W 


CONCAVE Size: 3” diameter, %” thick. Ruled area 1%” x 
1%”. Blaze wave length 4000A. Radius of curvature 100 


centimeters. 
$75.00 Postpaid 


Steck No. 50,220-W ..... 


OAGER BY STOCK NUMBER .. . SEND CHECK OR MONEY ORDER 


ASSEMBLED | 3» 
AND 
READY TO USE! 


included. 





Photographers! This is an actual photograph 


See the Stars, Moon, Planets Close Up! 
ASTRONOMICAL REFLECTING TELESCOPE 


60 to 180 Power—An unusual Buy! Famous Mt. Palomar Type 
You'll see the Rings of Saturn, 
craters on the Moon, Star Clusters, Moons of Jupiter in detail. Galax- 
ies! Equatorial mount with lock on both axes. Aluminized and over- 
coated 3” diameter high-speed f/10 mirror. Telescope comes equipped 
with a 60X eyepiece and a mounted Barlow Lens, giving you 60 to 
180 pow 


the fascinating planet Mars, huge 


er. An Optical Finder Telescope, 
Sturdy, hardwood, 


always so essential, is also 
portable tripod. — FREE with Scope: — 


Valuable STAR CHART plus 272 page ‘“‘HANDBOOK OF HEAVENS” 
plus “HOW TO USE YOUR TELESCOPE’’ BOOK. 





NEW BINOCULAR-TO-CAMERA HOLDER 


For Exciting Telephoto Pictures 
Bring distant objects 7 times 
nearer with a 35 mm. camera, 
| 7x50 binocular and our NEW 
{ BINOCULAR - TO - CAMERA 
| HOLDER. Ideal for long-range 
shots of wild life, ships, peo- 
ple, vistas. Camera and binocu- 
lars attach easily. Use any 
binocular or monocular—any camera, still or movie. Take 
color or black and white. Attractive gray crinkle and bright 
chrome finish, 10” long. Full directions for taking tele- 
photo’s included. 


Stock Wo. 70,223-W ..........ceeeee $11.50 Postpaid 





Terrific Buy! American Made! 
OPAQUE PROJECTOR 


Projects illustrations up to 3” x 3%” 


and enlarges them to 4 ft. wide. No 

film or negatives needed. Projects 

charts, diagrams, pictures, photos, let- - : 
tering in full color or black-and-white. Operates on 115 
volt, A.C. current. 6-ft. extension cord and plug included. 
Operates on 60 watt bulb, not included.. Size 12” x 8” x 
4%” wide. Weight 1 lb., 2 oz. Plastic case with built-in 
handle. 

a Seer rer rs oer ere $7.95 postpaid 


WAR SURPLUS!—INFRARED SNOOPERSCOPE 
Govt. Cost $900—Bargain at $39.50 


Converts infrared to visible light. See 
in total darkness without being seen. 
Use in lab, factory, classroom, ete. 
Completely portable. Operates on two 
flashlight batteries (not included). 
Image is quite good, may be made 
even hetter by careful focusing. Size 
Weight with carrying case 12 lbs. No infra- 
(See below). 


$39.50 f.o.b. Barrington, N.J. 





11%” 
red light source is furnished 
Stock No. 85,098-W .... 


x 8”, 


INFRARED LIGHT SOURCE AVAILABILITY! 


You will need a 6-volt transformer or 6 V_ auto battery 
to operate. 


Stock Me. SO,OSS-W ...ccriccecccces $10.00 postpaid 


GIANT MAGNETS! 
TERRIFIC BARGAINS! 


War surplus—Alnico V type. 
Horseshoe shape. Tremendous 


lifting power. 5 lb. size. Di- 
mensions: A—3%"; B— 
2%"; C—4- -8/16"; D— 
1%”; E—1%”"; F254" i 
Strength is about 2,000 
Gauss, Will lift over 125 lbs, 


Stock No. 70,183-W 








15% Ib. size. Approximately 


5,000-6,000 Gauss rating. 
Will lift over 250 lbs. 


Stock No. 85,08B-W ..........0000ee $22.50 F.0.B. 
Shipping Wt. 22 Ibs. Barrington, N.J. 








' ’ Stock No. 85,050-W .............. eecesece «+ $29.95 Postpaid 
of the moon taken through our Astronomical 
Telescope by a 17-year student. 4%” Reflecting Telescope—nup to 270 Power 

Stock No. 85-006-W ............ $74.50 F.0.B. Barrington, N.J. 


TAKE PHOTOS BY REMOTE CONTROL 


New Long Distance Remote 
Control Camera Shutter Release 
lets you take pictures while 
standing 32 ft. from camera 
Simply press bulb for surprise 
shots of shy or dangerous ani- 
mals in natural surroundings. 
Shutter can be released by you 
or subject. Works even under 
water. Any shutter speed, including B or T flash or elec- 
tronic flash. Rig complete with 28 ft. cable on plastic drum. 


Stock No. 50,227-W 





$7.00 Postpaid 









NEW IMPROVED ENGLAND FIELD FINDER! 


3” x 1” glass slide, surface marked with 
a square grid at 1 mm intervals. Each 
square contains a center ring bearing 
a reference number and letter, numbers 
running horizontally 1 to 75 and let- 
ters vertically from A to Z. It is used 
on a microscope with a mechanical stage 
and gives the user an easy method of 
recording the position of a field of in- 
terest so it can easily be relocated. Complete directions are 
included. 


Stock No. 30,327-W 





$18.50 Postpaid 


BUILD A SOLAR ENERGY FURNACE 
Wonderful Science Project 


A fascinating new field. You can build 
your own Solar Furnace for experimenta- 
tion—many practical uses. It’s easy— 
inexpensive—tuse your scrap wood. We 
furnish instruction booklet. This sun 
powered furnace will generate terrific heat 
2000° to 3000°. Fuses enamel to 
metal — produces many unusual fusing 
pa Sets paper aflame in seconds. Use our Fresnel Lens 
4%” diameter . 14”. 


Stock No. 70,130-W Fresnel Lens ...... $6.00 Postpaid 





Optics for the Science Class! 
Optics for the Space Era! 


100 PAGES! OVER 
1000 OPTICAL BUYS! 
America’s No. 1 optical 
source for experimentors, 
hobbyists. Huge selection 
of lenses, prisms, war 
surplus optical instru- 
ments, parts and acces- 
sories. Telescopes, mi- 
croscopes, satellite scopes, 
binoculars, infrared sni- 
perscopes, etc. Low-cost 
Science and Math Learn- 
ing ond Teaching aids. asta 
Request Catalog W. 








SATISFACTIGN GUARANTEED! 





EDMUND SCIENTIFIC CO. 
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Now— 


a touch of beauty } 
that wears like stone == 
on many hard-working surfaces 





Coborbith gives washroom 


waimdcols a bright new 


J-M COLORLITH”... handsome, tough, colorful 


Created as an attractive, lower cost material for laboratory 
table tops, Colorlith has now gained wide acceptance as a sur- 
facing material in many busy interior areas. 


Fabricated from asbestos fiber, portland cement and chemi- 
cally resistant colorings, this inorganic material resists heat, 
flame, moisture, even acids and solvents in normal working 
concentrations, when properly coated with a clear lacquer or 
equivalent. Color runs all the way through the sheet. Thicknesses 
from 114” down to 14” can be used without breaking. 





JOHNS -MANVILLE 


Write for Colorlith specification sheet EL-94A and é 
brochure EL-62A. Johns-Manville, Box 14, New York 16, ha 


New York. In Canada, Port Credit, Ontario. PRODUCTS 


JoOHNS-MANVILLE 
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AnRmy?T BEOECARKC EA OFFICE 


AN ANNOUNCEMENT OF PARTICULAR CONCERN 
TO MEN INTERESTED IN 


Basic and Theoretical Research 


.. Particularly Physicists, Mathematicians, Chemists 


and Aeronautical Engineers 


You are invited to explore several new positions on the scientific 
staff of ARO. Those scientists and engineers who are appointed 
will join a smal! and select group of technical men responsible 

for the over-all planning, coordination and supervision of the 
U. S. Army’s accelerating, dynamic research program. 


You will serve as a focal point for our relationship with the scientific 
community in this country and with other nations. 

You will monitor research within your professional sphere at 

colleges, universities, non-profit institutions and outside contractors. 
The positions are well paid and require men of 


experience, preferably with Ph.D. degrees. For detailed information, 
address your inquiry to: 


a y Dr. R. A. Weiss 
AY ‘+ O Scientific Director 


\ R \ Army Research Office 
\ \ Office, Chief of Research and Development 
\ % Washington 25, D. C. 


ARMY RESEARCH OFFICE 
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WEST GERMANY 


Large Equipment for 
Fluorescence Microscopy 





The Carl Zeiss Large Fluorescence 
Equipment fulfills to the highest degree 
the requirements of modern fluorescence 
microscopy in brightfield as well as dark- 
field. 

Exciter filter combinations make it 
possible to select the most suitable ultra- 
violet or blue-violet range of the spectrum 
emitted by a high intensity mercury vapor 
burner. In addition, a specially designed 
filter tube, with rotatable discs containing 
barrier filters, not only protects the human 
eye but allows quick selection of filter 
combinations to obtain highest contrast 
of the specimens under examination. The 
purity of the produced fluorescence is not 
only of the optimum but of such high in- 
tensity that photomicrographs can be made 
in color or black-and-white. 

Another outstanding advantage is the 
fact that every existing Carl Zeiss objec- 
tive can be employed—not only Achro- 
mats but also highly corrected objectives 
such as Apochromats, Neofluars, and 
Planachromats. This makes it possible to 
observe true colors produced by fluores- 
cence and at the same time makes the 
purchase of objectives suitable for fluores- 
cence unnecessary. 


Write for free detailed literature 


fA SP LEMS S&S, BPI 4, 52\\ce Faciuties 


485 FIFTH AVENUE, NEW YORK 17, N.Y. 






COMPLETE 
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“NOW AVAILABLE... 


Arc power, typified by Avco Model PG-500 Plasma Generator 
(above), duplicates searing heat of re-entry. Operating simplicity of 
Avco Model PG-030 (inset) permits wide use in the development 
of plasma spray techniques. Lightweight, compact—only 214” x9". 


USE-PROVEN PLASMA GENERATORS 
that duplicate the searing heat of re-entry 


Avco Model PG-500 Plasma Generator, operating at 
one atmosphere of pressure, produces enthalpies from 
250 to 12,500 Btu/lb, consumes up to 1.5 megawatts of 
power, uses air as the working fluid and incorporates 
over two years of re-entry simulation experience. PG-500, 
producing heat fluxes and temperatures on a continuous 
basis formerly attained on an intermittent basis in the 
shock tube, now provides the long running times in air 
necessary for materials development. 

Another unit in the Avco-developed family of plasma 
generators, Model PG-030, consumes from 2 to 20 kilo- 
watts of power and produces temperatures over the range 
from 2500°F. to 12,000°F. Model PG-030 is used for de- 
velopment of plasma spray techniques and spectroscopic 
studies. Using argon as the working fluid, it is capable of 
virtually unlimited operation at a power level of 15 kilo- 
watts. Model PG-030 is especially suited to low cost 
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operation and features automatic starting, a high degree 
of controllability, quiet operation and shop-type 
reliability. 

Write for bulletins describing Avco’s products 
and systems in the fields of Major Research Facilities, 
Hypervelocity Instrumentation and 
Environmental Test Equipment. 
Write to: Products and Services Dept., 
Research and Advanced Development 
Division, Avco Corporation, 201 
Lowell St., Wilmington, Mass. 


Aveo 


Kesearch & Advanced Development 


division 
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Fission in the AEC 


During the past few years, the feeling has been growing in and out of 
government that it is unwise to continue centering responsibility for pro- 
tecting the nation against radiation hazards in the same agency that is 
responsible for developing nuclear weapons and reactors. Various criti- 
cisms of the Atomic Energy Commission’s public safety program have been 
voiced, but the chief argument for a change is an appeal to the principle 
that regulatory and developmental functions should not be placed in the 
same hands. The interest in change has now reached critical size. 

On 22 August the President assigned to the Department of Health, 
Education, and Welfare “primary responsibility” within the executive 
branch for the public health aspects of atomic energy. On the same date, 
the President designated the secretary of HEW as current chairman of 
the Federal Radiation Council, a unit he had created eight days earlier 
to help coordinate existing government programs in radiation research. 
And on the earlier date the President also gave his approval to legislation 
that if enacted will transfer from the AEC to the states certain safety tasks, 
with responsibility for federal assistance to the states to go eventually 
to HEW. 

The story of these new developments is a story of advisory committees. 
A proposal to give the primary role in radiation protection to a group in 
HEW was made public last March in a report to the surgeon general 
by a special committee of scientists, the National Advisory Committee on 
Radiation. A few days later, to obtain advice for himself on questions of 
radiation control, the President set up a committee consisting of the chair- 
man of the AEC, the secretary of HEW, and the director of the Bureau of 
the Budget. It was on the basis of recommendations by the latter group 
that the President gave new responsibilities to HEW and established the 
Federal Radiation Council. The members of the council are the heads of 
agencies most significantly involved with radiation, which means again 
the chairman of the AEC and the secretary of HEW and, in addition, the 
secretaries of Defense and Commerce. Besides its other tasks, the council 
will advise the President on public health aspects of radiation, while to 
advise it the council will have the services of the President’s special assist- 
ant for science and technology. 

The scope of HEW’s new activities is indicated by the department's 
plans to increase expenditures in this area in the Public Health Service 
and Food and Drug Administration from about $1 million for fiscal 1959 
to $3.2 million for fiscal 1960, with the possibility of asking Congress for 
additional funds in January. Spending in the AEC for fiscal 1960 is esti- 
mated at $3.5 million for fallout sampling and analysis and $21 million 
for research in radiation biology. HEW’s principal new task is the regular 
receipt of radiation data from other government agencies and the inter- 
pretation of these data for the President and the public. 

The present effort to place primary responsibility for radiation protec- 
tion outside the AEC without unduly disturbing existing research and safety 
programs looks like a workable solution to a difficult problem. Many or- 
ganizational details still have to be filled in, however. For example, the 
principal body up till now for recommending radiation protection stand- 
ards to federal agencies has been a private but quasi-official group, the 
National Committee on Radiation Protection. How this advisory body will 
fit into the new scheme of things is one of the first questions the new Fed- 
edal Radiation Council must decide.—J.T. 
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CURRENT PROBLEMS IN RESEARCH 





Superconductivity : 
A Solved Problem? 


Modern theoretical physics has come close to 
explaining this hitherto baffling phenomenon. 


In the first quarter of the 20th cen- 
tury, there was no shortage of phenomena 
of low-energy atomic, molecular, or 
solid-state physics which defied rational 
explanation in terms of the physical the- 
ories of the time. To be sure, a major 
breakthrough had occurred with the ex- 
planation of the spectrum of the hydro- 
gen atom in terms of the old quantum 
theory, but efforts to extend this theory 
to systems involving more than one elec- 
tron met with only limited success. 

This situation changed dramatically 
in the middle and late 1920’s with the 
development and exploitation of wave- 
mechanics, and problem after problem 
fell before the magnificent new theory. 
Indeed, it was soon apparent that there 
was no phenomenon in the area of 
atomic and molecular physics which 
would not be correctly explained by the 
new quantum mechanics, were we only 
able to solve the relevant equations. 
This was, of course, no small matter, but 
as the approximations improved, the 
agreement with experiment improved, 
and there was no substantial body of 
opinion which doubted that we were, at 
last, dealing with the correct theory. 

Against this background of success, 
however, there stood, more and more 
isolated, two gross macroscopic phe- 
nomena that defied even qualitative un- 
derstanding, although one was sure that 
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they must be explicable in terms of 
quantum mechanics. These were super- 
fluidity of helium, and superconductiv- 
ity. Each represented an abrupt change 
in the flow or transport properties of 
matter at extremely low temperatures: 
in the case of helium, the complete dis- 
appearance of viscosity at about 2 de- 
grees of absolute temperature, and in 
the case of superconductivity, the com- 
plete disappearance of electrical resist- 
ance in a large number of materials at 
temperatures ranging from a fraction of 
a degree up to 18 degrees absolute. 
Eighteen degrees, for an intermetallic 
compound of niobium and tin, is now 
the highest known superconducting tran- 
sition temperature. We will omit here 
further reference to the problem of su- 
perfluidity, although great progress has 
also been made during the past few 
years toward an understanding of this 
problem. 


Properties of Superconductors 
and Metals 


What, then, are the properties of su- 
perconductors, and what do we have to 
understand? The principal properties of 
a superconductor are that, below its 
transition temperature, it offers no re- 
sistance to the flow of electrical current 


(circulating currents in a superconduct- 
ing ring continue without observable 
decay for as long as it has been possible 
to keep the samples cold), and that it 
behaves as a perfect diamagnet—that is, 
it excludes magnetic fields from its in- 
terior. Both of these properties can be 
destroyed by the application of a suffi- 
ciently strong magnetic field, the criti- 
cal field, and the critical field is itself a 
function of temperature, varying from 
zero at the transition temperature to a 
maximum at absolute zero. Some be- 
lieve that the diamagnetism is a more 
fundamental property of a supercon- 
ductor than its lack of resistance, but, 
in fact, a theory of superconductivity 
must account for both phenomena. 

To see why there is difficulty in ex- 
plaining the absence of resistance in 
some metals, it is, of course, necessary 
to begin by asking why metals exhibit 
electrical resistance in the first place. 
Electric currents in metals are carried 
by electrons, which, in a perfect crystal, 
would be able to pass unhindered 
through the body of the crystal, without 
resistance. Resistance appears only when 
the electrons are impeded or scattered 
in their progress through the crystal, and 
there are two main sources of such scat- 
tering. 

In the first place, the crystal may not 
be perfect. Such imperfections may in- 
volve granular structure, dislocations of 
various sorts, or impurities in the metal, 
all of which can serve as scattering cen- 
ters and can lead to electrical resistance. 
Such structural defects are normally in- 
dependent of temperature and are re- 
sponsible for the resistance of most ma- 
terials at absolute zero. 

The second main source of resistance 
is somewhat more esoteric, but, as we 
shall see, more closely connected with 
superconductivity. This is the emission 
and absorption of sound waves by the 
electrons. This is a necessarily elegant 
way of saying that the atoms in a solid 
metal are always involved in thermal 
agitation, and that this thermal agitation 





The author is on the staff of the department of 
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also destroys the perfect periodicity of 
the crystal, leading to scattering of the 
electrons, hence to electrical resistance. 
The quantum-mechanical version of this 
statement is that the ordered motion of 
the atoms in a solid is called a sound 
wave, that any irregular motion of the 
atoms can be described in terms of these 
sound waves, and that an electron which 
is scattered by these irregular motions 
exchanges energy with the sound waves. 
Thus, we say that the electron has emit- 
ted or absorbed a sound wave in much 
the same way that electrons can emit or 
absorb light. Since the amount of ther- 
mal agitation of the atoms in a metal is 
dependent on the temperature, this part 
of the resistance is expected to be tem- 
perature-dependent. In _ particular, it 
should vanish at absolute zero, leaving 
only the impurity and defect resistance. 
The remarkable fact about superconduc- 
tors is that all the resistance vanishes at 
a finite temperature, different from ab- 
solute zero. Thus, in particular, although 
nothing happens to the impurities, they 
cease, for some reason, to be able to 
scatter the electrons. The explanation 
of this extraordinary immobilization of 
the scattering centers is one of the major 
problems of the theory. The other is to 
connect this property, somehow, with 
the unwillingness of the metal to harbor 
a magnetic field—its property of perfect 
diamagnetism, otherwise known as the 
Meissner effect. There have been many 
abortive attempts to solve these prob- 
lems. We will only consider here the 
modern 


developments, which 


about 1950. 


began 


Experimentally, it is not known, and 
can never be known, whether all metals 
become superconductors at a sufficiently 
low temperature. All that can be said 
is that, at the lowest temperatures ob- 
tainable, some metals are, and some are 
not, superconducting. With this qualifi- 


time that there seemed to be an inverse 
correlation between a metal’s conductiv- 
ity at ordinary temperatures and its ten- 
dency to become a superconductor at 
very low temperatures. The very good 
conductors, like silver, copper, and gold, 
do not become superconductors, while 
the bad ones, like lead and tin, are su- 
perconducting at quite high tempera- 
tures. However, if one made a metal 
into a bad conductor, by, for example, 
adding impurities, this did not appre- 
ciably affect its superconducting proper- 
ties. Thus, the correlation appeared to 
be with that part of the resistivity due 
to the phonon or sound-wave interaction. 
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Isotope Effect 


With this background, the stage was 
set for the development of a theory of 
superconductivity, but still no substan- 
tial progress was made until 1950, when 
the great breakthrough occurred. In this 
year, both experimental confirmation 
that superconductivity was connected 
with the phonon interactions and the 
rudimentary beginnings of a theoretical 
explanation were achieved. 

The former was accomplished by the 
discovery of the isotope effect—that the 
superconducting transition temperature 
of a material depended upon its isotopic 
constitution, with the heavier isotopes 
exhibiting lower transition temperatures. 
This is a most remarkable result, and it 
is important to understand just what it 
means, independently of any detailed 
theory of superconductivity. As we know, 
a high temperature is characterized by 
a great deal of agitation of the atoms 
of a material, and a low temperature, 
by the fact that the atoms are nearly 
quiescent. Further, at a given tempera- 
ture, heavier atoms (or isotopes) are 
considerably less agitated than the lighter 
atoms, because it takes more energy to 
agitate a heavy atom. Indeed, at the very 
low temperatures characteristic of super- 
conductivity, the atomic thermal agita- 
tion has practically ceased. This means 
that, at very low temperatures, orie would 
not expect the mass of an atom to be 
important, since the mass affects only 
the thermal agitation and the latter has 
practically disappeared. Thus, one’s first 
guess is that superconductivity cannot 
depend upon the atomic mass. Yet, the 
isotope effect is evidence that it does, 
and in a very substantial way. This can 
only mean that superconductivity de- 
pends upon the interaction of the elec- 
trons in the metal with the sound waves, 
and in a way which does not depend 
upon the thermal agitation of the atoms, 
or upon thermal excitation of the sound 
waves. Indeed, since the superconduc- 
tivity disappears at a sufficiently high 
temperature, one can conclude that ther- 
mal effects are antipathetic to supercon- 
ductivity. 


Phonon-Electron Interaction 


What, then, are the possible conse- 


quences of an_ interaction between 
electrons and phonons that could con- 
ceivably lead to a theory of the super- 
conducting phenomenon? Only two pass 


the test of being thermally independent, 





or, more specifically, available at abso- 
lute zero. Historically, the first to be 
thought of, in 1950, was the self-energy 
effect. This is exactly analogous to the 
corresponding electromagnetic  self-en- 
ergy of an electron, which is, perhaps, 
more familiar. The latter arises in the 
following way: We know that the elec- 
tron acquires energy when it is placed 
in an electric field, and we know further 
that an electron serves, like any other 
charged particle, as the source of an 
electric field. The energy the electron 
has by virtue of being inescapably in the 
field of which it is itself the source is 
called the self-energy. Similarly, the elec- 
tron in a metal produces a local phonon 
field, with which it interacts. The latter 
may be more easily understandable as a 
local distortion of the metallic lattice, 
due to the presence of the electron. 

But how can this lead to an effective 
interaction between electrons, which is 
what one needs for a theory of super- 
conductivity? The answer to this follows 
from the observation that electrons are 
indistinguishable from each other, so 
that an interaction of an electron with 
itself inevitably leads to an apparent in- 
teraction with other electrons. It was 
this apparent interaction which served 
as the basis for both Fréhlich’s and Bar- 
deen’s 1950 theories of superconductiv- 
ity. These theories were found wanting 
because of technical difficulties in their 
formulation, which we will not go into 
here, and also because it was never found 
possible to bridge the gap between the 
apparent interaction and the phenomen- 
ology of superconductors. In short, the 
self-energy effects led to a theory of 
something, but that something could 
never be identified with superconduc- 
tivity. It is now felt by some that such 
effects may indeed be appreciable, but 
that they do not, in fact, distinguish be- 
tween superconductors and nonsuper- 
conductors. 


Electron-Electron Interaction 


The next step is, then, to explore the 
higher-order effects of the interaction 
between electrons and phonons, and this 
was done by Bardeen and his collabora- 
tors in 1957. This appears to have led 
to a reasonable picture of the supercon- 
ducting state, though, at this writing, 
there is still considerable controversy 
about the detailed formulation of the 
theory—controversy which is by no 
means trivial. 

The basic difference between this 
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theory and theories of the self-energy 
type can again be most easily understood 
in terms of the electromagnetic analogy. 
Again the electron serves as the source 
of an electromagnetic field, but this time 
the energy arises from the presence of 
another electron in the field. Such a de- 
scription applies to the origin of electric 
and magnetic forces between electrons, 
and the analogous effect in metals leads 
to a phonon-induced interaction between 
electrons. One electron distorts the me- 
tallic lattice, and the other electron is 
affected by the distortion. Note that the 
dynamic effects of such an interaction 
depend upon the isotopic mass of the 
metal atoms, as they should, so that it is 
conceivable that the isotope effect can 
be explained by such a theory. 

At first sight it might appear, from 
what has been said earlier about the fun- 
damental indistinguishability of elec- 
trons, that the two interactions we have 
described—of an electron with itself 
and with another electron—are really 
the same. It is in fact true that the dis- 
tinction between them is a matter of 
convenience and is more a matter of dif- 
ferent methods of calculation than of 
different theories. In the end, what is 
hoped for is a theory of a many-electron 
system in a metal, in interaction with 
the phonons of the lattice, and such a 
theory must incorporate all the phe- 
nomena involved. Nonetheless, it is pos- 
sible to start writing down theories with 
different areas of emphasis, and, as each 
is refined, they should tend to reveal the 
common truth. This is a situation not 
solely characteristic of the theory of su- 
perconductivity. 

The most important single feature of 
this electron-electron interaction is that 
it induces transitions between degener- 
ate states—that is, between states which 
have the same energy. To see this, con- 
sider a pair of electrons that have equal 
and opposite momenta, so that the total 
momentum of the state under considera- 
tion is zero. When these electrons scatter 
each other (because of the phonon-in- 
duced interaction) the conservation of 
momentum tells us they will still have 
equal and opposite momenta, though in 
different directions, and the conservation 
of energy tells us that the momentum 
of each will have the same magnitude 
as before the scattering. Hence, their 
directions of motion will simply ‘have 
been rotated through a certain angle, 
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and their state will have been trans- 
formed into another equivalent state. 
Note that this is only necessarily true if 
they start with equal and opposite mo- 
menta, 

Now it is a fact that if, in a quantum- 
mechanical calculation, a variety of de- 
generate states are present, and transi- 
tions are induced between them by the 
forces present in the problem, then all 
these states must be treated together in 
determining the state of the system. The 
problem is not trivial in the case of the 
phonon interaction, but this can, to a 
certain extent, be accomplished. We will 
make no effort here to go into the mathe- 
matical details, but only to describe those 
physical consequences of the theory, on 
which most of the active workers in the 
field are agreed. 

The upshot of the treatment is that 
the ground state of the metal is not 
quiescent but involves large numbers of 
excited electron pairs (equal-and-oppo- 
site-momenta pairs, as described above), 
interacting with each other through the 
electron-phonon interaction. Thus, each 
pair is continually being scattered and 
rescattered into the other available pair 
states, and the ground state is a seething 
mass of such pairs. 

The recognition that such a state, so 
dramatically different from the ground 
state of a nonsuperconductor, can be 
formed is half the battle. The other half 
is to show that a metal in such a state 
exhibits the well-known properties of a 
superconductor, and it is here that there 
still exist some ambiguities in the theory. 
Once one has settled on the ground state 
described above, it is necessary, in order 
to determine the further properties of 
the material, to learn something about 
the spectrum of excited states. The only 
predictions one can make on the basis 
of the ground state alone are the iden- 
tity of the superconducting metals and, 
via a thermodynamic argument, the 
critical magnetic field at absolute zero. 
Both of these predictions seem to agree 
tolerably well with experiment, and 
from the latter there emerges the iso- 
tope effect, as observed. 


The Energy Gap 
The basic feature of the spectrum of 


excited states, which leads to the char- 
acteristic superconducting properties, is 


SPW 


the energy gap. By this we mean that it 
takes a finite amount of energy to excite 
the lowest-lying excited state above the 
ground state. This is a prediction of the 
theory, as well as a prediction that this 
energy gap should be a function of tem- 
perature, largest at absolute zero and de- 
creasing to zero as the temperature is 
increased to the transition temperature 
at zero field. It is not easy to see why 
the energy gap should lead to perfect 
diamagnetism or to perfect conductiv- 
ity, so let us first concern ourselves with 
the question of whether the gap exists. 
The most direct evidence that it does 
arises from experiments on the absorp- 
tion of electromagnetic radiation in su- 
perconductors. In these experiments, a 
superconductor is exposed to radiation 
of a given frequency, and the amount 
of radiation absorbed by the supercon- 
ductor is measured. It is found that, 
roughly speaking, only radiation above a 
given frequency is absorbed. This is ex- 
actly what one expects from an energy- 
gap model, where there is a minimum 
energy of excitation of the electrons, 
since the energy of a photon is connected 
to its frequency by Planck’s constant. 
Indeed, there is even some recent evi- 
dence that the energy gap may vary with 
temperature, as expected. There are 
other types of evidence, such as the spe- 
cific heat, and, all in all, we are quite 
sure that the energy gap exists. But why 
does it lead to the properties of a super- 
conductor? 

It was pointed out long ago by Lon- 
don that, if the wave functions of the 
electrons were, for some reason, unusu- 
ally rigid, this might account for the 
diamagnetism of a superconductor. What 
has been shown by Bardeen and his col- 
laborators is that the energy gap induces 
a peculiar stability in the electronic 
wave functions, so that the conditions for 
perfect diamagnetism are, in fact, ful- 
filled. We will not go into the many de- 
tails of this argument here. 

In summary we can say that the many 
successes of this physically simple, but 
mathematically still obscure, theory 
leave no doubt that a major success has 
been scored in the quest for a theory of 
superconductivity. While there are a 
number of questions still to be resolved, 
it is clear to everyone in the field that 
we stand, for the first time, within reach 
of a real understanding of this hereto- 
fore baffling problem. 
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Potential Productivity 


of the Sea 


Organic production by marine plankton algae 


is comparable to agricultural yields on land. 


Under ideal conditions for photosyn- 
thesis and growth, what is the maximum 
potential rate of production of organic 
matter in the sea? Is this potential ever 
realized, or even approached? How does 
the sea compare with the land in this 
respect? These questions may be ap- 
proached empirically with some meas- 
ure of success but, aside from the time 
and effort required by this method, one 
can never be certain how close to the 
optimum a given environment may be 
and, hence, to what extent the biotic 
potential is realized. 

However, we do know with some de- 
gree of certainty the maximum photo- 
synthetic efficiency of plants under care- 
fully controlled laboratory conditions; 
and there is a considerable literature 
concerning the effects of various envi- 
ronmental conditions on photosynthe- 
sis, respiration, and growth, particularly 
with respect to the unicellular algae. 
From such information it should be 
possible to estimate photosynthetic effi- 
ciencies and, for given amounts of solar 
radiation, organic production under nat- 
ural conditions. This indirect and theo- 
retical approach cannot be expected to 
provide exact values, but it does furnish 
a supplement to the empirically derived 
data which may help substantiate our 
concepts both of the environmental 
physiology of the plankton algae and 
the level of organic production in the 
sea. 

An attempt has been made to use this 
joint approach for the marine environ- 
ment in the following discussion. The 
only variable considered is light, and 
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the assumption is made that virtually 
all of the light which enters the water 
‘and remains) is absorbed by plants. 
Such situations are closely approximated 
in plankton blooms, dense stands of ben- 
thic algae, eelgrass, and other plants. 
For the rest, it is assumed that tempera- 
ture, nutrients, and other factors are op- 
timal, or at least as favorable as occur 
under ideal culture conditions. Given 
these conditions, I have attempted to 
calculate the organic yields which might 
be expected within the range of solar 
radiation incident to most of the earth. 
These data are then compared with 
maximal and mean observed values in 
the marine environment and elsewhere, 
and an attempt is made to explain dis- 
crepancies. 

The calculations which appear below 
are based, for the most part, upon ex- 
perimentally derived relationships be- 
tween unicellular algae and the envi- 
ronment, and are therefore applicable 
only to this group. This must be kept 
in mind when, later in the discussion, 
comparisons are drawn between the 
theoretical yields and observed values 
of production by larger aquatic and ter- 
restrial plants. 

The values for the efficiency of pho- 
tosynthesis under natural conditions are 
based on the utilization of the visible 
portion of the solar spectrum only (400 
to 700 mn), or roughly half of the total 
incident radiation. In converting these 
efficiencies to organic yields, it is as- 
sumed that the heat of combustion of 
the dry plant material is 5.5 kcal per 
gram, which closely approximates values 
for unicellular algae reported by Krogh 
and Berg (1), Ketchum and Redfield 
(2), Kok (3), Aach (4), Wassink et al. 
(5), and others. 





Reflection and Backscattering 


Of the sunlight which strikes the sur- 
face of the ocean, a certain fraction is 
reflected from its surface and never 
enters the water. The remainder pene- 
trates to depths which depend upon the 
concentration of absorbing and scatter- 
ing particles or dissolved colored sub- 
stances. While scattering may be as im- 
portant as absorption in the vertical at- 
tenuation of the light, it makes little 
difference as far as the biological utili- 
zation of the radiation is concerned, 
since the scattered light is eventually 
absorbed, with the exception of a small 
fraction which is backscattered up out 
of the water. The combined reflected 
and backscattered light is lost to the 
aquatic system; the rest remains in the 
water, where, under the ideal conditions 
postulated, it is absorbed entirely by 
plants. 

The fraction of the incident radiation 
which is reflected and backscattered has 
been studied by Powell and Clarke (6), 
Utterback and Jorgenson (7), and Hul- 
burt (8). The two factors have been 
treated separately, but they may be con- 
sidered together here. Their combined 
effect is rather small, ranging from about 
3 to 6 percent, depending somewhat 
upon who made the measurements and 
the conditions under which the meas- 
urements were made. The highest val- 
ues were observed when the sky was 
overcast. Sea states, ranging from flat 
calm to whitecap conditions, made sur- 
prisingly little difference. Reflection and 
backscattering were also found by Hul- 
burt to be independent of the sun’s 
angle, despite the fact that reflection in- 
creases greatly with the angle (from the 
zenith) of the incident light, particu- 
larly at angles above 60°. The explana- 
tion for this apparent contradiction lies 
in the fact that as the sun approaches 
the horizon, indirect sky light becomes 
increasingly important, and it eventu- 
ally exceeds the intensities of the sun 
itself. 

Hulburt’s data also indicate that back- 
scattering is not greatly influenced by 
the amount of particulate matter in the 
water, since his values in the clear Gulf 
Stream did not differ appreciably from 
those made in the turbid waters of 
Chesapeake Bay. 

For the calculations which are made 
here, it is considered that an average of 
5 percent of the incident radiation is lost 
through the combined effects of reflec- 
tion and backscattering. 
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Photosynthesis and the Visible Spectrum 


We first consider the efficiency of 
photosynthesis in sunlight at levels be- 
low the saturation intensity. Within this 
range, photosynthesis is directly propor- 
tional to the light intensity (or very 
nearly so), and the efficiency is there- 
fore constant. 

Despite the vast numbers of studies of 
quantum yield (that is, photosynthetic 
efficiency) in the literature, few data 
are available for the entire visible spec- 
trum. Figure 1A shows two such series 
of measurements, one with the green 
alga Chlorella (Emerson and Lewis, 
9), the other with the diatom Navicula 
minima (Tanada, 10). The ordinate is 
expressed as quantum requirement (the 
number of quanta required to reduce 1 
mole of CO,) rather than a reciprocal, 
quantum yield (moles of CO, reduced 
per quantum) as shown originally by the 
authors. Although the two organisms 
have strikingly different pigment com- 
plements, the curves are surprisingly 
similar, with minimal requirements in 
the red and yellow parts of the spec- 
trum, maximal in the blue-green. Navic- 
ula appears to be somewhat more effi- 
cient than Chlorella, but the differences 
may not be significant. 

Figure 1B illustrates the fact that the 
energy per quantum between 400 and 
700 mw decreases from a maximum of 
71 kcal per mole quanta of blue light to 
41 cal per mole quanta of red light. The 
heat of combustion of one reduced mole 
of CO, (reduced to CH,O) is 112 kcal. 
A quantum requirement of 10 therefore 
represents an efficiency of 112/(41 x 10) 
= 27.3 percent in red light and 112/ 
(71x10) =15.7 percent in blue light. 
Figure 1C shows the efficiencies of 
Chlorella and Navicula throughout the 
visible solar spectrum. 

The spectral distribution of daylight 
varies with solar altitude and with the 
water vapor, carbon dioxide, and dust 
content of the atmosphere. Figure 2 
shows the spectral distribution of day- 
light under average atmospheric condi- 
tions and with an air mass of 2 (solar 
angle = 30° from zenith) as given by 
Moon (//). 

If the curves in Fig. 1C are averaged 
and the mean efficiency for the entire 
visible spectrum is calculated, weighing 
the mean for the average spectral dis- 
tribution of sunlight as given in Fig. 2, 
this value turns out to be 18.4 percent. 
Taking into consideration a 5-percent 
reflection and backscattering loss, the 
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efficiency of photosynthetic utilization 
of visible sunlight below saturation in- 
tensity incident to the water surface is 
17.5 percent. 





In extremely turbid waters and in 
those containing organic stains (the 
“yellow substance” described by Kalle, 
12), blue and green light may be selec- 



































8 — 
f.ti<Cststi‘as?K 
\ 
\ 
5 
% CHLORELLA 
WwW 
« 
2 
oS 
uw 
x 
= 
a 
- 
z 
az 
2 
Ss 
80-— 
70 
= 
= 
2 
s 60 
Ss 
can 
3 50 
oO 
x 
40 
400 500 600 700 
30;r— aN 
NAVICULA ee , 
= _ 
- 
r | 
_ 20-— CHLORELLA | 
Ps aea_5u517—_——— | 
a 
Do Bait | 
re | 
wy 
2 1o— | 
rr | 
| | } 
P | 
400 500 600 700 


WAVE LENGTH , mu 

Fig. 1. (A) Quantum requirement of photosynthesis as a function of wavelength of light 
for Chlorella [after Emerson and Lewis, 9] and for Navicula [after Tanada, 10]. (B) 
Energy per mole quantum of light as a function of wavelength. (C) Efficiency of photo- 
synthesis as a function of wavelength, calculated from (A) and (B). 
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Fig. 2. The spectral distribution of daylight under average atmospheric conditions with 


air mass equal to 2. [After Moon, //] 


tively absorbed, resulting in somewhat 
higher efficiencies in the utilization of 
the light penetrating to greater depths. 
On the other hand, in normal, clear 
oceanic water the red light is selectively 
absorbed by the water and blue-green 
light penetrates to the greatest depths, 
where it is used still less effectively than 
the average incident daylight considered 
above. These modifications are not con- 
sidered in this article, since we are deal- 
ing with an idealized situation in which 
all of the light entering the water is ab- 
sorbed by plants. 


Intensity Effect 


Above the saturation point, photosyn- 
thesis does not increase in proportion to 
light intensity, but remains constant or, 
at high intensities, is actually depressed, 
owing to photooxidation or other inhibi- 
tory processes. 

Figure 3A shows a curve of photosyn- 
thesis by marine plankton algae as a 
function of light intensity, from Ryther 

13). This is a mean curve of experi- 
ments with cultures of 14 species of or- 
ganisms, preconditioned to a variety of 
different light regimes. Photosynthesis 
was measured by C1 uptake under solar 
radiation during the 4-hour period (10 
A.M. to 2 p.M.) when the intensity is 
nearly constant and maximum. Graded 
intensities were obtained with neutral 
density filters. Almost identical curves 
were obtained by Steemann Nielsen and 
Jensen (/4) for natural plankton popu- 
lations. 
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Photosynthetic efficiencies remain con- 
stant, or nearly so, up to the saturation 
point, but then decline sharply at higher 
intensities. This decrease is illustrated by 
the difference between the actual photo- 
synthesis curve in Fig. 3A and the dotted 
line, which is an extrapolation of the 
linear portion of the solid curve and 
represents photosynthesis if the efficiency 
remained constant. Figure 3B shows rela- 
tive efficiencies as a function of light in- 
tensity, obtained from the ratio between 
the solid and dotted lines in Fig. 3A. 

Using the data in Fig. 3A, Ryther 
(13) has calculated relative photosyn- 
thesis throughout the day and at vari- 
ous depths within the euphotic (illumi- 
nated) zone of the ocean for days with 
different values for total incident radi- 
ation. Several curves were thereby pro- 
duced showing values for total daily 
photosynthesis at several depths within 
the euphotic zone relative to the hourly 
rate of photosynthesis at light satura- 
tion. 

On extremely dull days, when the in- 
tensity never reaches the saturation re- 
gion, photosynthesis is directly propor- 
tional to light intensity at all depths, 
and the curve of photosynthesis with 
depth shows an exponential decrease 
from the surface, as does that of light. 
On bright, sunny days, intensities at the 
surface exceed saturation and normally 
produce inhibition (which occurs at 3 
or less the intensity of full sunlight). On 
such days, photosynthesis at the surface 
is less than that at intermediate depths. 
In all cases, photosynthesis at depths 
where the surface light is reduced to 10 





percent or less is directly proportional 
to intensity, and in: this region it de- 
creases exponentially, following the light 
curve. 

By extrapolating the lower, exponen- 
tial portion of the photosynthesis curve 
to the surface, one may create a hypo- 
thetical curve of photosynthesis if the 
latter maintained the same efficiency at 
all depths. The ratio of the actual pho- 
tosynthesis curve to this hypothetical 
exponential curve will then show the 
reduction in efficiency caused by light 
intensities above saturation in the up- 
per waters. This has been done in Fig. 
4 for a series of photosynthesis curves 
on days of varying incident radiation. 
Since photosynthesis at the various 
depths is a function of light intensity 
and not of depth per se, the units on 
the ordinate of Fig. 4 are natural loga- 
rithms of J,/ZJ and thus represent the 
depths to which given fractions of the 
incident radiation penetrate. The curve 
for the day with lowest radiation (20 
gcal/cm? day) is exponential all the 
way to the surface, indicating that on 
such a day there is no reduction in pho- 
tosynthetic efficiency from the effects of 
light intensity. On days of progressively 
higher light intensity, the photosynthesis 
curve departs more and more from the 
exponential curve illustrating the in- 
creasing reduction in efficiency. 

If it is assumed that the maximum 
efficiency (with no intensity effect) is 
17.5 percent, as calculated in the pre- 
vious section, Fig. 5 shows the cumu- 
lative intensity effect with efficiencies 
plotted as a function of total daily inci- 
dent radiation. The points were ob- 
tained from Fig. 4 from the ratio of the 
actual photosynthesis curves for each 
value of radiation to the exponential 
curve of maximum (17.5 percent effi- 
ciency. It may be seen that efficiencies 
decrease from 17.5 percent at low in- 
tensities to 6.5 percent on a day when 
600 g cal/cm2 reaches the earth’s sur- 
face. It is noteworthy that the efficiency 
curve does not decrease in a regular way 
with increasing intensities, but that the 
rate of decrease becomes less at higher 
intensities. This is due to the fact that 
higher values of daily radiation are 
caused not only by higher intensities of 
sunlight but to an even greater extent 
by longer days including more hours of 
low intensity light. 

We are now ready to calculate photo- 
synthesis for different values of incident 
radiation from the efficiency curve 
shown in Fig. 5. This is done by multi- 
plying the efficiency by one-half the ap- 
propriate values of radiation (that por- 
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tion of the solar spectrum available for 
photosynthesis). This gives the amount 
of energy fixed in photosynthesis. Divid- 
ing this by 5.5 (the heat of combustion 
of a gram of average plant material, as 
discussed in the first section) we obtain 
a value which represents grams of or- 
ganic matter produced per day beneath 
a square meter of water surface, pro- 
vided that all the light entering this 
l-meter-square column of water is ef- 
fectively absorbed by plants. These val- 
ues, shown as the upper broken line in 
Fig. 5, are equivalent to “real photosyn- 
thesis” or “gross production.” They are 
hypothetical in the sense that they can- 
not be observed as a yield, since the 
plants must draw upon this organic 
matter to satisfy their own metabolic 
requirements. We must therefore sub- 
tract an amount of organic matter 
equivalent to the plants’ respiration in 
order to calculate the amount of mate- 
rial available for harvest, the so-called 
“net production.” 


Respiratory Loss 


Under conditions of active growth, 
photosynthesis at light saturation is some 
10 to 20 times as great as dark respira- 
tion (see Ryther, 15). Higher values 
have been reported, but it seems doubt- 
ful that they could represent steady-state 
conditions in natural populations. If we 
take a ratio of 15:1 as average for P:R 
(photosynthesis: respiration) at optimal 
light, it is obvious that over a 24-hour 
period, half of which is dark, and within 
an entire plant community, of which 
many of the plants are in suboptimal 
light at all times, respiration must ac- 
count for a much greater fraction of pho- 
tosynthesis. 

In calculating the ratio P:R in nat- 
ural communities, the oversimplified as- 
sumption will be made that respiration 
remains constant and independent of 
light and photosynthesis. While the lit- 
erature pertaining to this subject is con- 
tradictory and in a state of great con- 
fusion (see, for example, Rabinowitch, 
16), there is mounting evidence that 
respiration and photosynthesis are not 
wholly independent processes. However, 
since there is no good quantitative for- 
mulation of a relationship between them 
which may be incorporated into our cal- 
culations, it must be neglected here. 

As mentioned above, the data from 
Fig. 3A together with light intensity 
values for a group of days with varying 
total incident radiation have been used 
to calculate photosynthesis as a function 
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of radiation. (See Ryther, 13, for a full 
description of these calculations). The 
values given by this treatment represent 
photosynthesis per day beneath a square 
meter of surface relative to the value for 
photosynthesis per cubic meter per hour 
at light saturation. For example, a value 
of 100 would mean that daily photosyn- 
thesis beneath a 1-meter-square water 
column is 100 times as great as photo- 
synthesis within a 1-cubic-meter aliquot 
of that water column for 1 hour at op- 
timal light intensity (assuming that the 
plant population is evenly distributed 
within this water column). 

Since respiration is 1/15 photosynthe- 
sis at light saturation and is also stipu- 
lated to be constant with respect to 
light, depth, and time of day, we may 
calculate total daily respiration in the 
same relative units as photosynthesis. 
The curves of photosynthesis and res- 
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piration as functions of radiation are 
shown in Fig. 6. They cross at 100 g 
cal/cm? x day, which may be considered 
the daily compensation level for an en- 
tire plant community. The value (R/P) 
x 100 is the percentage of respiratory 
loss and is shown as the lower broken 
line in Fig. 6. It ranges from 100 per- 
cent at radiation values of 100 g cal/ 
cm? day or less to 28 percent on ex- 
tremely bright, long days. 


Net Production 


Returning to Fig. 5, gross production 
may be reduced by the respiratory loss 
(Fig. 6), giving the curve of net pro- 
duction, which begins at 100 g cal/cm? 
day and reaches a value of 25 g/m? day 
under radiation of 600 g cal/m? day 
(the lower broken line in Fig. 5). 
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Fig. 3. (A) Photosynthesis of marine phytoplankton as a function. of light intensity [after 
Ryther, 13]. Broken line is the extrapolation of the linear portion of the solid line repre- 
senting hypothetical sustained maximum photosynthetic efficiency. (B) Efficiency of 
photosynthesis as a function of light intensity, calculated from A. 
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Table 1. Gross and net organic production of various natural and cultivated systems in 


grams dry weight produced per square meter per day. 





Gross 


Net 








System 
A, Theoretical potential 
Average radiation (200 to 400 g cal/cm? day) 23-32 8-19 
Maximum radiation (750 g cal/cm? day) 38 27 
B. Mass outdoor Chlorella culture (26) 
Mean 12.4 
Maximum 28.0 
C. Land (maximum for entire growing seasons) (18) 
Sugar cane 18.4 
Rice 9.1 
Wheat 4.6 
Spartina marsh 9.0 
Pine forest (best growing years ) 6.0 
Tall prairie 3.9 
Short prairie 0.5 
Desert 0.2 
D. Marine (maxima for single days) 
Coral reef (27) 24 (9.6) 
Turtle grass flat (28) 20.5 (725) 
Polluted estuary (29) 11.0 (8.0) 
Grand Banks (Apr.) (30) 10.8 (6.5) 
Walvis Bay (23) 7.6 
Continental Shelf (May) (19) 6.1 (3.7) 
Sargasso Sea (Apr.) (31) 4.0 (2.8) 
E. Marine (annual average) 
Long Island Sound (32) 4 0.9 
Continental Shelf (19) 0.74 (0.40) 
Sargasso Sea (31) 0.88 0.40 
RELATIVE PHOTOSYNTHESIS 
O 20 40 60 80 100 
T 
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Fig. 4. Relative photosynthesis as a function of water depth for days of different incident 


radiation. Numbers beside curves show gram calories per square centimeter per day. 
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Although the annual range of daily 
incident radiation is extremely wide, 
even for a given latitude, this short-term 
variability is probably not very signifi- 
cant in affecting the general level of 
organic production of a given area. If 
one examines the tables compiled by 
Kimball (17) showing mean monthly 
radiation for different latitudes, it ap- 
pears that over 80 percent of the data 
(including all latitudes and seasons) fall 
within a range of 200 to 400 g cal/cm? 
day. Thus, over most of the earth for 
most of the year a potential production 
of organic matter of some 10 to 20 g/m? 
day may be expected, while for shorter 
periods of fine summer weather, a net 
production of 25 g/m? day or slightly 
more may occur. 


Comparison of Theoretical and 
Observed Production Rates 


We may now compare the production 
rates which were calculated in the pre- 
ceding sections with some values which 
have been observed empirically. Since 
the former are based on hypothetical 
situations in which all light entering the 
water is absorbed by plants, the obser- 
vational data, to be comparable, must 
be restricted to natural environments in 
which these conditions are at least 
closely approximated (for example, in 
dense plankton blooms, thick stands of 
benthic algae and rooted plants). In ad- 
dition to these maximal values, the theo- 
retical potential may be contrasted with 
average oceanic productivity rates. 

We may also extend this comparison 
to the terrestrial environment, including 
some of the better agricultural yields, 
bearing in mind, however, that the physi- 
ology and hence, perhaps, the biotic po- 
tential of land plants may differ signifi- 
cantly from those of algae. 

Finally, we may include the yields of 
Chlorella grown in outdoor mass cul- 
ture, drawing here upon the excellent, 
continuing studies of H. Tamiya and his 
collaborators. These are of particular in- 
terest, since the conditions of these ex- 
periments were as optimal as possible 
and since the physiology of Chlorella 
is identical or closely similar to that of 
the organisms upon which our calcula- 
tions are based. Thus the Chlorella yields 
will serve as a check for the theoretical 
production rates. 

It is important, in making these com- 
parisons, to keep in mind the distinction 
between gross and net production as de- 
fined above. Some of the data refer to 
true photosynthesis measurements (gross 
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production) while others, such as the 
Chlorella experiments and the agricul- 
tural yields, are based on the actual har- 
vest of organic matter (net production). 
In those cases in which only gross pro- 
duction values are available and where 
radiation data are given, net production 
has been obtained from Figure 5 and is 
shown in parentheses. 

The theoretical production potential 
for average and maximal radiation, and 
the observational data for both marine 
and terrestrial environments, are given 
in Table 1. In each case the original 
source is given, except for the land val- 
ues, where reference is made to the re- 
cent compilation by Odum (/8). The 
various methods by which the values 
were obtained will not be discussed here 
except in the case of the unpublished 
data, in which gross production was cal- 
culated from chlorophyll and light, ac- 
cording to the method of Ryther and 
Yentsch (1/9) and net production was 
measured by the C!* method, uncor- 
rected for respiration as this method 
is interpreted by Ryther (20). Where 
gross production (photosynthesis) was 
originally reported as oxygen evolution, 
this has been converted to carbon as- 
similation, using an assimilatory quo- 


tient 
+ Os 
O=% 


of 1.25 (see Ryther, 20). Carbon up- 
take, in turn, has been converted to total 
organic production by assuming that the 
latter is 50 percent carbon by weight. 

The maximal values for the marine 
environment represent the seven highest 
such values known to me. In addition 
to these, data are given for three regions 
(one inshore, one coastal, and one off- 
shore) which have been studied over 
long enough periods of time to justify 
the calculation of annual means. 


Discussion 


The mean yield of Chlorella obtained 
by the Japanese workers is almost iden- 
tical to the mean theoretical production 
for days of average radiation (12.4 ver- 
sus 13.5 g/m? day). These yields of 
Chlorella were produced only during the 
warmer part of the year, presumably 
owing to the poor growth of Chlorella 
at low temperatures. The highest yields 
of Chlorella (up to 28 g/m? day) were, 
according to Tamiya, “obtained on fair 
days in the warmer months.” This maxi- 
mum is approximately the same as the 
theoretical net production for days of 
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maximum radiation. Thus, the Chlorella 
yields agree very well with the theoreti- 
cal productive potential of the sea. 
The land values for net production 
quoted from Odum’s tables range from 
18.4 g/m? day for the highest yields of 
sugar cane to 0.2 g/m? day for deserts. 


The best agricultural yields are generally 
of the same-order of magnitude as the 
theoretical net production of the sea, as 
are the values for the salt marsh and the 
pine forest (during its years of best 
growth). Uncultivated grasslands range 
from 3.0 for tall prairie to 0.2 for desert 
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conditions. Because of the extreme con- 
trasts among terrestrial environments, 
mean values for the land as a whole 
are difficult to determine and would 
have little meaning. It is interesting, 
however, that Schroeder’s estimate (2/) 
of the annual production of all the land 
is equivalent to a mean daily production 
of 0.55 g/m?, roughly the same as the 
value given in Table 1 for short prairie 
grass. 

With regard to the marine data, it is 
perhaps surprising that net production 
rates differ by less than a factor of 2 in 
such diverse environments as a coral 
reef, a turtle grass flat, a polluted creek, 
and the Grand Banks. This alone would 
indicate that production in each case is 
limited by the same basic factor, the 
photosynthetic potential of the plants, 
and indeed these and the other high val- 
ues in D in Table 1 all closely approach 
the theoretical potential. 

Seasonal studies have been made of 
three marine areas, Long Island Sound, 
the continental shelf off New York, and 
the Sargasso Sea off Bermuda. In each 
case temporary rates of production were 
observed during the spring flowering 
which approached the theoretical maxi- 
mum, but the annual means were more 
than an order of magnitude lower (E in 
Table 1). True, these regions do not, 
throughout the year, satisfy the postu- 
lated conditions necessary to obtain this 
maximum, namely, that all light enter- 
ing the water be absorbed by plants. For 
example, in his Long Island Sound stud- 
ies, Riley (22) found that no more than 
one-third of the incident radiation was 
utilized by plants, the remainder pre- 
sumably being absorbed by nonliving 
particulate and dissolved materials, 
Using Riley’s techniques, I estimated 
that only 25 to 40 percent of the light 
penetrating the continental shelf waters 
was absorbed by the phytoplankton. This 
alone, however, is insufficient to account 
for the discrepancy between observed 
and potential production rates. In the 
clear waters of the Sargasso Sea only 10 
to 20 percent of the light is absorbed by 
the phytoplankton during most of the 
year. But there is little if any other par- 
ticulate matter present; the remainder 
of the light is absorbed by the water 
itself. This is not a cause but an effect 
of low production. The underlying rea- 
son for low production rates here and 
in most parts of the ocean is the limita- 
tion of essential nutrients in the upper, 
euphotic layers and the inadequacy of 
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vertical mixing processes in bringing 
deep, nutrient-rich water to the surface. 

With the exception of the three plank- 
tonic communities which have been dis- 
cussed, the seasonal cycles of marine 
production are largely unknown and can 
only be surmised. Probably high levels 
may be maintained throughout the year 
in benthic populations such as the coral 
reef, the turtle grass flats (see D in Table 
1) and in thick beds of seaweeds, pro- 
vided that seasonal temperature ex- 
tremes do not impair growth. While the 
concentrations of nutrients in the sur- 
rounding waters may be very low, the 
fact that they are continually being re- 
plenished as the water moves over the 
plants probably prevents their ever being 
limiting. Plankton organisms, on the 
other hand, suspended as they are in 
their milieu, can probably never main- 
tain high production rates in a given 
parcel of water, for their growth rapidly 
exhausts the nutrients from their sur- 
rounding environment and any mixing 
process which enriches the water must, 
at the same time, dilute the organisms. 
However, high plankton production may 
be sustained in a given geographic area 
(a polluted estuary, a region of perma- 
nent upwelling of deep water, and so 
forth), which is continually replenished 
with enriched water. In these situations, 
the productive capacity of the sea may 
be sustained for long periods, perhaps 
permanently. 

For most of the ocean, as stated above, 
no such mechanism for nutrient replen- 
ishment is available. The combined me- 
teorological and hydrographic condi- 
tions which produce the typical spring 
flowering of the phytoplankton over 
much of the oceans have been ade- 
quately described elsewhere and need 
not be discussed here. Suffice it to say 
that, in the oceans as a whole, as sea- 
sonal studies have demonstrated, high 
production approaching the theoretical 
maximum under optimal conditions is 
restricted to periods of a few days or, 
at most, weeks, per year. 

Steemann Nielsen (23) has recently 
estimated the net production of the en- 
tire hydrosphere as 1.2 to 1.5 x 101° tons 
of carbon per year, roughly one-tenth 
the earlier estimates made by Riley (24) 
and others, and about comparable to 
Schroeder’s figure (2/) for the land. 
Our production estimates are somewhat 
higher than those of Steemann Nielsen, 
the annual mean net production of or- 
ganic matter for the Sargasso Sea (0.40 





g/m? day) being about 6 times as great 
as his value for the same area, and twice 
his average for the oceans as a whole. 
This discrepancy appears to be largely 
due to the fact that Steemann Nielsen’s 
values are based on single observations 
which probably seldom included  sea- 
sonal maxima. His observations in the 
Sargasso Sea, for example, were made 
in June and did not differ greatly from 
our June values, which were the sea- 
sonal minima. If the Sargasso Sea is one 
of the less fertile parts of the ocean, as 
is generally believed, then our data 
would indicate that the seas are more 
than twice as productive as the land 
(25). 
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Robert Redfield, 


Although most of his friends and col- 
leagues knew he had been suffering from 
leukemia for several years, the death of 
Robert Redfield, on 16 October 1958, 
brought a sense of shock and loss to them 
and to scholars and scientists throughout 
the world. A man who spent most of his 
leisure reading aloud or listening to 
music with his family and close friends, 
Robert Redfield left behind very many 
who expressed in terms of affection what 
they felt about the qualities of his mind 
and spirit. Those who participated with 
him in seminars and_ conferences 
throughout the years of his fatal illness, 
like those who had known him earlier, 
were impressed with the incisive bril- 
liance of his mind. 

Redfield was trained for the law at 
the University of Chicago. He practiced 
briefly but became interested in anthro- 
pology in the course of a short trip to 
Mexico he and Mrs. Redfield made in 
1923, and through the influence of F.-C. 
Cole and R. E. Park. He received a 
doctorate in anthropology from the uni- 
versity in 1928 and later was named 
Robert Maynard Hutchins distinguished 
service professor of anthropology. He 
served as dean of the division of so- 
cial sciences, chairman of the depart- 
ment of anthropology, and president of 
the American Anthropological Associa- 
tion. In 1954 and 1955, respectively, 
his colleagues in America and Britain 
awarded him the Viking Fund Medal 
and the Huxley Memorial Medal in 
recognition of his scholarship and 
achievement in anthropology. 

His was a genuine inquiring mind; he 
knew the value of theoretical construc- 
tion and generalization and the impor- 
tance of verifying such constructions by 
marshaling evidence that inay be con- 
firmed by others. The dialectical play 
of Redfield’s mind showed itself char- 
acteristically in some of the seminars he 
gave at the University of Chicago. One 
series of these, on “human nature,” alter- 
nated with another on the “comparison 
of cultures.” In the former series his 
main interest was to discover the com- 
mon human being, while in the latter it 
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Anthropologist 


was to find the distinctive differences in 
the ways of mankind. Of the last two 
papers he wrote, in the summer of 1958, 
one, for the Encyclopaedia Britannica, 
was on “Man, nature of”; the other, on 
“Art and icon,” intended as a lecture to 
be given at the Museum of Primitive Art 
in New York City, brilliantly balances 
the claims of a relativistic and ethno- 
logical approach to primitive art against 
those of a universal esthetic. 

These qualities of the great scientist 
are evident in Redfield’s contributions 
to anthropology, contained in a series of 
books written in a clear and adroit 
style which would in itself have served 
to distinguish him. The most important 
of these are: Tepoztlan, a Mexican Vil- 
lage: A Study of Folk Life (1930); Chan 
Kom, a Maya Village (written in col- 
laboration with Alfonso Villa Rojas) 
(1934); The Folk Culture of Yucatan 
(1941); A Village That Chose Progress 
(1950); The Primitive World and Its 
Transformations (1953); The Little 
Community (1955); and Peasant So- 
ciety and Culture (1956). 

Perhaps the most distinctive and pio- 
neering of Redfield’s scientific contri- 
butions is the one he made to our under- 
standing of change in folklike peasant 
and tribal societies. 

In the 1920’s, when Redfield first be- 
came interested in peasant societies, so- 
ciologists, especially those around Chi- 
cago, who were inspired by Robert Park, 
were beginning to study the city, and 
social anthropologists under the inspira- 
tion of Malinowski and Radcliffe-Brown 
were undertaking functional field stud- 
ies of relatively isolated tribal groups. 
Tepoztlan and Chan Kom belonged to 
neither of these types; they were “inter- 
mediate communities” with some of the 
characteristics of both the primitive 
tribe and the city. The fact that such 
intermediate communities resembled the 
peasant communities of Europe, the 
Near East, and the Orient, as Redfield 
noted in Tepoztlan, at once gave his 
studies a direct relevance to the life 
lived by the great majority of mankind. 
The particular kinds of change in these 


communities to which he directed atten- 
tion—those stimulated by contact with 
modern Western urban and _ industrial 
civilization—continue to be important 
today. Moreover, his interest in studying 
these changes as “an example within 
convenient limits, of the general type of 
change whereby primitive man becomes 
civilized man, the rustic becomes the 
urbanite” immediately linked his obser- 
vations on contemporary communities 
to the generic processes of the human 
career (1, pp. 13, 14). 

As carried out in the Yucatan studies, 
the method which Redfield developed 
for the study of the changing “folk” so- 
cieties and cultures consisted in an 
almost simultaneous comparison of four 
contemporary communities—a tribal vil- 
lage, a peasant village, a town, and a 
metropolitan city—within a single cul- 
ture area. These Yucatan studies adapted 
an approach that was essentially func- 
tional and synchronic to the study of 
social and cultural change. The main 
interest of the studies was in “the recur- 
rent elements of a describable process” 
—in those general interrelations of social 
and cultural characteristics that could 
be closely correlated with the change 
from a tribal to a peasant village, from 
a town to a city. 

The conclusion that resulted from the 
application of this method in Yucatan 
Redfield reformulated in a more general 
form to take account of the Guatemalan 
material and of primitive societies. “In 
the absence of a money economy,” he 





wrote, “isolated homogeneous societies 
tend to have well organized cultures 
and to be sacred and collectivistic,” and 
“increase of contacts, bringing about 
heterogeneity and disorganization of cul- 
ture, constitutes one sufficient cause of 
secularization and individualization” (2, 
pp. 339, 369). 

Redfield’s concepts of the “folk so- 
ciety” and of a “folk-urban continuum” 
find their chief significance in relation 
to this general formulation. They are 
constructions which enable one to ask 
questions about the degrees of “folk- 
ness” associated with tribal, peasant, 
and urban societies and cultures. Red- 
field redefined the concepts of “folk” 
and “primitive” in terms of degree of 
isolation, homogeneity, sacredness, and 
other characteristics. 

Redfield did not himself assert the 
conclusions of the Yucatan studies in 
universal form. He offered them as hy- 
potheses to guide further research and 
was quite prepared for the possibility 








that the correlation he had found in 
Yucatan was limited by special circum- 
stances, and “that the association among 
some of the various characters is more 
necessarily close than among others, and 
that besides the long-isolated society 
with its attendant characters, on the one 
hand, and the less isolated, heterogene- 
ous society with its characters, on the 
other, we may recognize subtypes, or 
types in which various kinds of com- 
promises or combinations of character 
are found” (2, p. 358). Later research 
by both Redfield and others has quali- 
fied the Yucatan conclusions in just this 
manner, revealing special circumstances 
and new subtypes (3). 

In 1948 Redfield revisited Chan Kom, 
and in the restudy of Chan Kom he 
tried to understand the changes that had 
occurred there over 17 years as “the 
biography of a community, of a people 
who conceived a common purpose, and 
of what they did to realize it.” It is 
probably this restudy which impressed 
upon Redfield the importance of finding 
a place for aspirations, moods, and re- 
form movements in an anthropological 
theory of social and cultural change (4). 

One of the most significant qualifica- 
tions of Redfield’s earlier theory was one 
he himself added. This was the idea that 
in studying changes in peasant society 
and culture one should consider not only 
the stimulus of modern Western civili- 
zation but that of the indigenous non- 
Western civilizations as well. This led 
him increasingly to consider the interre- 
lations of different levels of social and 
cultural organization, manifest in special 
kinds of networks, centers, and “hinge 
groups” which mediate between them. 
The folk-urban polarity gives way to a 
more inclusive concept of a civilization 
as an enduring “historic structure” in 
which little and great traditions, little 
and great communities, are constantly 
interacting. 

In one respect this later development 
is a return to the beginning. For even in 
the Tepoztlan study it was already clear 
that Redfield was interested in changes 
going on in Tepoztlan not for their 
own sake but as examples of generic 
processes (J, pp. 218-223; 5). The dif- 
ference is that in his later thinking about 
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Robert Redfield 


civilizations Redfield sees a greater need 
for the methods and time perspectives 
of the archeologist and the historian. 
The earlier side-by-side comparison will 
continue, “but we shall also develop 
schemes of comparison that put together 
in the same class those societies and cul- 
tures that have corresponding positions 
in the same civilizational system or per- 
haps in different civilizational systems” 
(6). This new kind of comparison will 
involve the ordering of peoples into tri- 
bal, peasant, and urban communities in 
the context of history. 

This view of civilizations as great 
structures in history, as “systems of cul- 
tures in persisting characteristic rela- 
tionship,” was very much on Redfield’s 
mind to the end. During the last 10 years 
he was actively concerned in his lectures 
and writing with the problem of how to 
characterize and compare the great civ- 
ilizations. In a personal letter dated 13 
September 1958, he speaks of his inten- 
tion “to write a small book on Civiliza- 
tions. . . . It would consist of perhaps 
ten essay-like chapters, something like— 
but in the end probably not much like 
—the following: 

“I. A Civilization as an Object (a 
formed thing of the mind) 

“TI. Cultures and Civilizations: Class 
and Subclass 

“TII. Criteria (class and continua) 


x oe 





“TV. Structures in History (Societal or 

Cultural) 

“V. Community, Region, Class, Estate 
“VI. The Cultivation of Tradition and 

Self-image: Knowledge 
“VII. The Cultivation of Aesthetic Dis- 

crimination 
“VIII. The Cultivation of Moral Judg- 

ment 
“IX. The Creativity of the Civilized 
“X. The Civilization of the Untradi- 
tional.” 

What might have gone into this book 
we can only guess from Redfield’s last 
articles and lectures. For most of us it 
will remain the kind of “ideal” that 
Robert Redfield’s life and work repre- 
sent, and that he meant when he wrote: 
“An ideal is a picture of the place you 
will never quite, but always strive to, 
reach. Its attainment happens in little 
pieces of the striving. We shall never 
have a world of perfectly rational and 
fair-minded men, just as we shall never 
have an educational system in which 
everyone learns to think with the excel- 
lences of intellectual conversation that 
I have imagined. But the great good is 
contained within the small; the civiliza- 
tion of the dialogue is set forth, however 
humbly, in any one small piece of honest 
intellectual exchange, with my neighbor, 
with my book. A new beginning toward 
the unattainable is forever right at 
hand” (7). 

Mitton SINGER 
University of Chicago 
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News of Science 


Test Moratorium Extended; Geneva 


Negotiations Analyzed in Senate 


The President has announced a 2- 
month extension of the 1-year morato- 
rium on nuclear tests that was scheduled 
to end on 31 October. The announce- 
ment, which was made on 25 August 
through the State Department, came 5 
days after the three nuclear powers—the 
United States, Britain, and the Soviet 
Union—had agreed to a 6-week recess 
of the 10-month-old negotiations for a 
treaty to end testing. The three-power 
talks, which have been taking place in 
Geneva, will resume on 12 October, 
after the President and Soviet Premier 
Nikita S. Khrushchev will presumably 
have had an opportunity to discuss the 
proposed treaty during their exchange of 
visits this month. 


Treaty Progress 


The treaty has 24 articles, and so far 
agreement has been reached on 17 of 
them. Broadly, the areas of agreement 
are as follows. Vienna would be head- 
quarters for a control organization com- 
posed of a seven-nation commission, of 
which the three nuclear powers would 
be permanent members. An administra- 
tor, acceptable to the three powers, 
would be responsible for operating the 
control system. There would be 70 to 80 
control posts throughout the world, each 
of which would be staffed by 30 to 40 
technicians, plus supporting personnel. 
The control organization would continu- 
ously conduct research to improve the 
control system. A series of satellites 
would be launched to assure that tests 
do not take place in outer space. Other 
countries may join in the treaty, which 
would continue indefinitely. 

The major areas in which accord has 
not yet been reached are in the staffing 
of the control posts, the composition of 
the control commission, the control sys- 
tem for high-altitude tests, the budget, 
the equipment at control posts, and the 
number of on-site inspections. 
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Humphrey Spokesman for Geneva Talks 


Senator Hubert H. Humphrey (D- 
Minn.), chairman of the Subcommittee 
on Disarmament of the Senate Foreign 
Relations Committee, discussed all of 
these issues in an address to the Senate 
on 18 August. For months he has been 
this country’s leading spokesman in sup- 
port of the Geneva conference, consist- 
ently pointing out and opposing pressure 
from the Atomic Energy Commission 
and the Defense Department for the re- 
sumption of nuclear tests. Humphrey 
has said repeatedly that testing on the 
part of the United States should not be 
resumed unless the Geneva test-ban ne- 
gotiations collapse. In his recent Senate 
speech he observed: “If tests resume 
before we know the outcome of the test- 
ban negotiations the United States will 
be inviting an outburst of indignation 
and criticism by the people of other 
nations.” 

Humphrey maintains that of all the 
undecided issues at Geneva, only one 
really stands in the way of an agree- 
ment—that of the number of on-site in- 
spections. He charges that on this major 
remaining point the United States is in 
a poor position to negotiate because 
opinion is divided between two groups— 
those who are concerned with the risks 
involved in a continuing arms race and 
those who feel that there is more to be 
gained than to be lost by continuing the 
tests. 

Last fall the United States recom- 
mended a formula for inspection under 
which all unidentified seismic events the 
size of a 5-kiloton explosion or larger, 
and 20 percent of all events below 5 
kilotons, should be subject to inspection. 
At that time, adoption of this formula 
would have resulted in about 85 inspec- 
tions per year. However, after the Hard- 
tack explosions, the figures were revised 
sharply, so that now the number of in- 
spections would be 366 in the Soviet 
Union and only slightly less in the 
United States. Humphrey protested in 


his recent address that this number, re- 
ferred to recently by AEC officials, gives 
the impression that the inspection prob- 
lem is “so huge that the negotiators 
might just as well pack up their bags 
and go home.” He then pointed out that 
at least two-thirds of all earthquakes in 
the Soviet Union occur in the Kam- 
chatka Peninsula, a very small area, and 
another 25 percent occur along the 
southern periphery of the country. The 
senator believes that a system of repre- 
sentative inspections could be worked 
out that would greatly simplify the con- 
trol problem. He pointed out that it 
would certainly not be necessary to con- 
duct 242 inspections (two-thirds of the 
number of earthquakes that occur in the 
U.S.S.R. in a year) in the Kamchatka 
Peninsula “to satisfy ourselves that the 
Soviets were not sneaking tests in that 
area.” 

Humphrey also suggested that once the 
earthquake-checking system is installed, 
more will be known about earthquake 
patterns, and the identification of nu- 
clear tests will be less complicated. 


Executive Branch Criticized 


In his comments to the Senate Hum- 
phrey was highly critical of the Presi- 
dent’s role. He said that this country’s 
negotiators are “burdened by obstacles 
which have been built primarily by the 
Atomic Energy Commission and to a 
lesser extent by the Defense Depart- 
ment.” He observed: “The AEC is al- 
lowed to continue to oppose the official 
position of the United States and to in- 
ject its own views on foreign policy due 
to a lack of leadership at the top... . 
The President has failed to assert the 
leadership necessary to reconcile con- 
flicting views.” (It was a week later that 
the President announced the 2-month 
extension of the moratorium on nuclear 
tests. ) 

Humphrey pointed out, further, that 
one of the recommendations of the 
Geneva conference of experts last year 
is being ignored by this country, and that 
is the possibility of using and re-equip- 
ping existing seismograph _ stations 
throughout the world. Of the some 650 
stations, approximately one-quarter are 
strategically located. Humphrey pro- 
posed that the executive branch recom- 
mend that the United Nations establish 
a special working group to assist other 
nations in improving and modernizing 
their seismograph stations. 

Another point emphasized in the talk 
was the government’s failure to imple- 
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ment many of the recommendations of 
the Panel on Seismic Improvement, of 
which Lloyd Berkner was chairman. 
Last year that panel concluded that this 
country’s seismological research should 
be greatly expanded immediately and 
proposed a number of important pro- 
grams, yet the executive branch has not 
asked for funds to support such work. 


Other Aspects Examined 


Senator Humphrey put forward still 
another aspect of the problem in his 
analysis of the test-ban issues when he 
urged that the principle of deterrence, 
the concept underlying other United 
States defense policies, be applied to the 
nuclear test control problem. He com- 
mented: 

“We must accept the fact that we 
little unidentified 
event in the Soviet Union to see whether 
it is an earthquake or a nuclear test. 
We can, however, demand the right to 
inspect a certain number of cases on the 
assumption that such inspections will 


cannot cover every 


constitute a spot check system of ran- 
dom sampling which will have a high 
probability of accuracy and which will 
deter a nation from thinking a few 
sneak tests can be held without being 
caught.” 

Humphrey emphasized that new sci- 
entific data do not preclude the realiza- 
tion of a workable agreement. He 
pointed out that the scientific problems 
that have developed during the course 
of the negotiations in Geneva are not 
substantially different from those the 
negotiators faced when the meetings be- 
gan. He said: 

“We knew then that although our 
techniques of detecting and identifying 
tests would improve with increased re- 
search and knowledge, we would also 
discover a larger number of natural phe- 
nomena with this newer and more sen- 
sitive equipment. 

“Nothing has changed since last Oc- 
tober that justifies our giving up.” 





Hydrogen Isotope Studies 


Applied to Geology 

The 
scale processes and its geochemistry are 
current projects of the Geochemistry and 
Petrology Branch of the U.S. Geological 
Survey. By mass spectrometry, research- 
ers in the nucleonics group are deter- 
mining the ratios of light to heavy hydro- 


movement of water in cosmic 


612 


gen in clouds, surface waters, glaciers, 
rain and snow, and the rocks of the 
earth’s crust in an attempt to learn 
the earth’s past and present water cir- 
culation and migration. 

Water sometimes takes thousands, even 
millions, of years to complete the hydro- 
logic cycle from ocean to cloud, to land, 
to ground water, to surface water, and 
back to the sea. And in the sea itself 
there are also known to be large time 
factors involved in the mixing of the 
various layers of ocean water and for 


exchanges with the atmosphere. 
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Congressional Report Says Current 
Fallout Not Hazardous but 
Warns against Test Resumption 


On 24 August the Joint Committee on 
Atomic Energy released a “Summary- 
Analysis” of hearings on weapon-test 
fallout that were held in May before the 
Radiation. 
The 42-page report is reassuring about 
the fallout hazard from past nuclear tests 


Special Subcommittee on 


but warns against resuming testing at the 
level of intensity of the last 5 years. The 
committee’s analysis also points out that 
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A U.S. Geological Survey geologist preparing a sample of atmospheric water for hydrogen 


isotope analysis. 
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while research efforts have been acceler- 
ated in the past 2 years, the fallout pro- 
gram as a whole has not received the 
high administrative support it needs. It 
emphasizes that better coordination of 
fallout information is essential, together 
with the development and application of 
adequate radiation standards. The anal- 
ysis points to the need for better co- 
ordination among government agencies 
in determining, controlling, and evaluat- 
ing environmental hazards. 

A panel of technical advisers that was 
composed of scientists from both inside 
and outside the government assisted the 
subcommittee in preparing for the 3-day 
hearings. With the help of the panel, a 
detailed technical outline for the hear- 
ings was developed and some 30 expert 
witnesses were invited to testify. Mem- 
bers of the advisory panel were as fol- 
lows: 

S. D. Cornell, executive officer, Na- 
tional Academy of Sciences. 

L. §. Taylor, chief, Atomic and Radi- 
ation Physics Division, National Bureau 
of Standards. 

F. J]. Weber, chief, Division of Radio- 
logical Health, U.S. Public Health Serv- 
ice. 

John H. Harley, assistant director, 
Health and Safety Laboratory, Atomic 
Energy Commission. 

L. Machta, U.S. Weather Bureau. 

C. L. Dunham, director, Division of 
Biology and Medicine, Atomic Energy 
Commission. 

Bentley Glass, Johns Hopkins Univer- 
sity, 

Hal Hollister, Division of Biology and 
Medicine, Atomic Energy Commission. 

Paul C. Tompkins, Joint Committee 
on Atomic Energy consultant. 

W. Selove, University of Pennsylvania. 

William F. Neuman, University of 
Rochester. 

Russell Morgan, Johns Hopkins Uni- 
versity (invited but could not attend). 


Origin of Fallout 


Information developed at the hear- 
ings shows that if the test programs of 
all countries are considered together, the 
total nuclear yield resulting from these 
tests has increased markedly since 1954. 
Of the total 90-92 megatons fission yield 
equivalent released to date, 40 mega- 
tons was produced in 1957-58. The bulk 
of this was detonated during 1958 
in the U.S. Hardtack series and the 
U.S.S.R. October series. Large portions 
of the radioactive products produced in 
this latest series have gone into world- 
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wide fallout due to detonations of large- 
yield weapons at high altitudes. 

As in 1957, testimony at the 1959 
hearings indicated that strontium 90 
and cesium 137 are still considered to 
present the greatest hazard in worldwide 
fallout (fallout away from the testing 
sites). But shortlived isotopes, such as 
strontium 89, iodine 131, barium 140, 
zirconium 95, and others, were described 
by several witnesses as worthy of more 
consideration or even potentially equal 
in hazard to strontium 90 and cesium 
137. Similarly, long-lived carbon 14 was 
described as a potential long-term haz- 
ard from nuclear weapons tests. 


Distribution of Fallout 


The nonuniform distribution of fall- 
out material in the stratosphere and on 
the ground, which was indicated in the 
1957 hearings, has been confirmed. 
About two-thirds of the stratospheric 
material has been found in the Northern 
Hemisphere and about one-third in the 
Southern Hemisphere. 

The estimated mean residence time of 
material in the stratosphere is now taken 
as from 1 to 5 years, compared to the 
5 to 10 years estimated in 1957. The 
shortest residence time (about a year 
can be expected for debris from the 
1958 U.S.S.R. tests in the Arctic. 

The rate of deposition of strontium 
90 showed an increase in the spring of 
1959 in the northern latitudes. ‘Testi- 
mony indicated that such an increase 
may be the result of seasonal fluctua- 
tions and/or southward movement of 
polar air masses, coinciding with the 
1958 U.S.S.R. tests in the Arctic. The 
existence of localized hotspot areas was 
recognized, resulting among other things 
from uneven distribution of radioactive 
debris removed from the troposphere by 
local rainfall. But the relationship of 
these hotspot areas to worldwide fall- 
out, if any, remains unclear. 


Uptake of Radioactive Isotopes 
from Fallout 


The content of strontium 90 and 
cesium 137 in food has risen since 1957, 
even more rapidly than the total fallout. 
Temporarily high levels have been found 
in various parts of the country suggesting 
that under certain conditions strontium 
90 may be taken up directly without 
going through the soil. Therefore, a con- 
sistent degree of discrimination (i.e., the 
selective reduction of strontium 90 in 
relation to calcium) from the ground to 
man cannot be expected! 


Biological Effects of Radiation 


Evidence was presented at the hear- 
ings suggesting that the magnitude of 
genetic effects (i.e., effects on future gen- 
erations) resulting from a given dose of 
radiation may, contrary to the general 
belief in 1957, have a definite relation- 
ship to the rate at which the dose is de- 
livered. The implication of this evidence 
is that the effectiveness of a given dose 
of radiation is less at low dose rates than 
at high dose rates, even for genetic con- 
sequences. 

The biological significance of low lev- 
els of radioactivity is still largely un- 
known. No resolution was reached on 
whether or not a threshold level of radi- 
ation exposure exists below which effects 
such as cancer and leukemia do not re- 
sult. 


Hotspots and Their Significance 


The term “hotspot” is used to refer to 
local areas, geographically speaking, 
where environmental contamination lev- 
els are considered to be higher than 
average levels in other areas of the coun- 
try with which comparisons are being 
made. That such hotspot areas exist was 
not disputed; yet one of the ambiguities 
in the hearings testimony was the fact 
that no completely satisfactory defini- 
tion was presented of what a hotspot is, 
how the limits of such an area are de- 
fined, and what the problems involved 
really are. 

Some testimony suggested that higher 
radiation levels in limited areas do not, 
any more than other nonuniformities, 
increase the overall hazard of fallout 
to the world’s population. This conten- 
tion is based on the argument that the 
total hazard is related to the total dose 
of radiation received by an entire popu- 
lation, and is not related to geographic 
distribution. It is evident, however, that 
more data and greater consideration of 
how to evaluate the data are needed be- 
fore a satisfactory answer to this prob- 
lem can be worked out. 


Significance of Short-lived 
Isotopes 


According to the testimony, recent 
fallout samples have concentrations of 
short-lived isotopes which are equal to 
and in many cases higher than those 
of the longer-lived isotopes such as 
strontium 90 and cesium 137. Due to 
their relatively rapid decay, the total 
radiation dose they deliver is ordinarily 
only a small fraction of that delivered 
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by the longer lived isotopes. However, 
the short-lived isotopes may be acquir- 
ing more significance than previously 
thought in view of the fact that fallout 
from the stratosphere has proven to be 
faster than estimated earlier, together 
with the possibility of selective concen- 
tration in some particular organ of the 
body (i.e., radioactive iodine in the thy- 
roid). The question apparently merits 
greater attention than it has received in 
the past, particularly in forecasting the 
effects of future tests. 


Significance of Carbon 14 


Information provided for the hearings 
suggests that radioactive carbon 14 from 
past weapons tests could constitute a 
genetic hazard to the world’s popula- 
tion. The magnitude of this hazard has 
been estimated to be comparable to, and 
in some estimates in excess of, the ge- 
netic hazard from other fallout isotopes. 
One of the principal problems in making 
these estimates is how to assess the haz- 
ard of a dose which may be comparable 
in magnitude to that from cesium 137 
and other genetically hazardous fallout 
isotopes but which occurs over a much 
longer time period (the equivalent of 
8,000 years compared with 40 years or 
so). Here again, a problem was pre- 
sented for which available information 
appears to be inadequate. Greater em- 
phasis should be given to means by 
which this problem may be properly 
evaluated. 


Maximum Permissible Dose and 
Maximum Permissible Concentration 


It was generally agreed that in con- 
sidering acceptable exposure limits in 
the context of worldwide environmental 
contamination from fallout, the best as- 
sumption that can be made at present 
concerning the relationship of biological 
effect to radiation dose is to assume that 
any dose, however small, produces some 
biological effect and that this effect is 
harmful. The testimony made it clear 
that much difficulty now exists in evalu- 
ating the hazards of environmental con- 
tamination from worldwide fallout. This 
is because of the difficulty in attempting 
to apply to whole populations exposed 
to fallout the concepts behind “maxi- 
mum permissible dose” and “maximum 
permissible concentration,” which were 
developed for occupational exposures to 
individuals under controlled conditions. 

Even if concepts developed for indus- 
trial application were clearly transfer- 
able, the testimony suggested confusion 
over such points as to how to apply ex- 
isting maximum permissible concentra- 
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tions for water to food in the fallout 
situation, how to handle diets (what 
time period to consider when “averag- 
ing”), and how to allow for the possible 
presence of other isotopes than the one 
being considered. 

Further evidence of confusion con- 
cerning hazards evaluation in the testi- 
mony presented was given by the use, 
on the one hand, of industrially ori- 
ented exposure recommendations - dis- 
cussed above and by the use, on the 
other hand, of comparisons with nat- 
ural background radiation levels. At 
present, it appears that each controver- 
sial situation involving fallout exposure 
is evaluated on an ad hoc basis, but with 
little understanding or agreement on 
how the evaluation is to be done. 


Effects of Past and Future Tests 


It was forecast that the average con- 
centration of strontium 90 in human 
bone from past weapons tests will reach 
its maximum value in the period 1962- 
65. The predicted U.S. average value of 
6 strontium units (S.U.) is slightly 
higher than for average Western popu- 
lations (5 S.U.) and lower than the 
average for Eastern peoples (10 S.U.). 
Thus for testing already conducted, 
man’s exposure to fallout radiation is 
and will be relatively small compared 
to the “normal background” radiation 
or the standard recommended by the 
International Commission on Radiolog- 
ical Protection (ICRP). 

Assuming successive cycles of testing 
over the next two generations or less, 
following the same pattern as the past 
5 years, the predicted average concen- 
tration in bone will be about 48 stron- 
tium units. This is close enough to the 
maximum permissible body burden of 
67 strontium units recommended by the 
International Commission on Radiolog- 
ical Protection to suggest that a hazard 
to the world’s population could result 
during this period. 


Alternative Patterns of Testing 


Testimony at the hearings indicated 
that— 

Underground tests can be conducted 
with relatively small weapons, without 
contaminating the atmosphere with ra- 
dioactivity. Great practical difficulties 
exist for testing large or megaton weap- 
ons underground. 

Outer space tests can be conducted 
under conditions—among which are dis- 
tance and yield of the device—which 
will reduce atmospheric contamination 
to an as yet unknown degree. To obtain 
test data, there exist practical problems 





of instrumentation which would require 
further tests in space to resolve. 

Environmental testing is necessary to 
establish effects of nuclear weapons on 
military targets, equipment, radiation 
levels, etc. 


Government Program and 
Organization 


While the AEC has accelerated its 
efforts in fallout research in the past 2 
years, particularly in sampling and analy- 
sis, the fallout program as a whole ap- 
parently has not received the high ad- 
ministrative level support it needs to 
give it the necessary impetus. Increased 
dollar outlays for facility and operating 
expenses have been useful but further 
improvements in the program, its ad- 
ministration and its organization, are re- 
quired. These should include adequate 
staffing in the AEC Biology and Medi- 
cine Division to meet the broad require- 
ments of an expanding program. Better 
coordination by the AEC of fallout in- 
formation is essential. Adequate radia- 
tion standards must be developed in co- 
operation with the various Federal, 
State, and private agencies. 

The Public Health Service, which has 
been conducting a survey of radioactive 
fallout debris in milk, operates a re- 
search laboratory in Cincinnati and has 
a newly created staff in Washington. 
However, expenditures and numbers of 
personnel remain small. 

With regard to the fallout program, 
increased emphasis should be placed on 
the “hot spot” program, declassification 
and periodic publication of useful infor- 
mation, development and application of 
exposure standards, and better coordina- 
tion among Government agencies in de- 
termining, controlling, and evaluating 
environmental hazards. 

In implementing an effective pro- 
gram, the first job is to define clearly 
what the real problems are and then as- 
sign responsibilities for meeting these 
problems. In the process, care should be 
taken not to interfere with existing pro- 
grams which are making major contri- 
butions to knowledge in the fallout field. 


Scientists in the News 


CHARLES A. ANDERSON has been 
named chief geologist for the U.S. Geo- 
logical Survey, a position recently va- 
cated by WILMOT H. BRADLEY, who 
was appointed in 1944. Anderson, whose 
career with the Survey began in 1942, 
has been heading the Mineral Deposits 
Branch. 
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ARTHUR W. GRACE, professor and 
head of the department of dermatology 
and syphilology at the State University 
of New York Downstate Medical Center 
for more than 20 years, has retired and 
has been named professor emeritus of 
dermatology and syphilology. A native 
of Australia, he completed his studies in 
medicine and public health at the Uni- 
versity of London, England, and also re- 
ceived the Diploma of Tropical Medi- 
cine and Hygiene of the Conjoint Board 
of Physicians and Surgeons of England 
in 1924. 

He came to this country in 1931 as a 
member of the faculty of Cornell Uni- 
versity Medical College, where he re- 
mained until he joined the Downstate 
Medical Center. Grace will continue his 
medical practice in Brooklyn and _ his 
duties as director of a research project 
on blood vessels of the skin at the Medi- 
cal Center. At present he is in Africa for 
2 months, delivering a series of lectures 
on skin and venereal diseases. 


HENRY C. HARRISON, retired 
electrical engineer of Bell Telephone 
Laboratories, will be awarded an Elliott 
Cresson Medal by the Franklin Institute, 
Philadelphia, Pa., on 21 October. 


FRANKLIN W. STAHL, associate 
professor of zoology at the University 
of Missouri, has been appointed associ- 
ate professor of biology in the Institute 
of Molecular Biology of the University 
of Oregon. 


VALY MENKIN, associate professor 
of experimental pathology at Temple 
University School of Medicine, has re- 
signed and will be a guest investigator 
at the Henry Phipps Institute of the Uni- 
versity of Pennsylvania, Philadelphia. 


WAYNE TAYLOR has been ap- 
pointed associate professor in the Sci- 
ence and Mathematics Teaching Center 
at Michigan State University. He was 
formerly on the staff of the University 
of Texas, where he served as center co- 
ordinator for the AAAS Science Teach- 
ing Improvement Program’s Center for 
the Study on the Use of Science Coun- 
selors. Taylor is vice chairman of the 
AAAS Science Cooperative Committee 
on the Teaching of Science and Mathe- 
matics. 


President Eisenhower has named 
ARTHUR S. FLEMMING, Secretary 
of Health, Education, and Welfare, 
chairman of the new Federal Radiation 
Council [see Science 130, 490 (1959)]. 
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HORACE M. POWELL, research ad- 
viser in the biological research division 
of Eli Lilly and Company, has retired 
after having been affiliated with the Lilly 
Research Laboratories for 34 years. 


ALEXANDER H. FLAX, vice presi- 
dent and technical director of the Cor- 
nell Aeronautical Laboratory, has been 
named chief scientist of the Air Force. 
He will serve as scientific adviser to. the 
Air Force Chief of Staff. 


HOWARD W. JOHNSON, associate 
dean of the School of Industrial Man- 
agement at Massachusetts Institute of 
Technology, has been appointed dean of 
the school effective 1 November. He will 


succeed E. P. BROOKS. 


JOHN W. ROSS, formerly research 
microbiologist and biochemist at. the 
Red Star Yeast and Products Company, 
has been appointed senior research mi- 
crobiologist at the Squibb Institute for 
Medical Research, New York, N.Y. 


DAVID F. BROWER, atomic physi- 
cist at General Dynamics Corporation, 
San Diego, Calif., has been appointed 
assistant manager of the engineering de- 
partment of Rheem Semiconductor Cor- 
poration, Mountain View, Calif. 


EDWARD W. D. NORTON, asso- 
ciate professor of ophthalmology at the 
University of Miami School of Medi- 
cine, has been appointed professor and 
chairman of the university’s department 
of ophthalmology. The newly formed 
department was formerly a division of 
the department of surgery. 





SIDNEY RIEGELMAN, | assistant 
professor of pharmacy at the College of 
Pharmacy of the University of Califor- 
nia Medical Center, San Francisco, was 
awarded the Ebert Prize at a recent 
meeting of the American Pharmaceu- 
tical Association for his paper “The 
kinetics of rectal absorption of anions 
and of undissociated molecules.” 

I. THOMAS REAMER, chief phar- 
macist at Duke University Hospital, has 
received the 1959 Harvey A. K. Whit- 
ney Lecture Award of the American 
Society of Hospital Pharmacists. 


PAUL D. ROSAHN, pathologist at 
the New Britain General Hospital, New 
Britain, Conn., and associate clinical 
professor of pathology at Yale Univer- 
sity School of Medicine, has been ap- 
pointed visiting professor of pathology 
at the University of Medical Sciences, 
Bangkok, Thailand, for 1 year, begin- 
ning in September. 


Recent Deaths 


ANTHONY BASSLER, New York; 
85; specialist in gastroenterology, who 
had practiced medicine for more than 
60 years; former professor of gastroen- 
terology at the Polyclinic Medical School 
and Fordham University; founder and 
chairman of the section on gastroenterol- 
ogy of the American Medical Associa- 
tion; 20 Aug. 

FLANDERS DUNBAR, South Kent, 
Conn.; 57; psychiatrist with a private 
practice in New York; pioneer in psy- 
chosomatic medicine; author of Psy- 
chiatry in the Medical Specialties; 21 
Aug. 

LEE F. HAWLEY, Madison, Wis.; 
77; retired research chemist and one of 
the founders of the U.S. Forest Products 
Laboratory; 19 Aug. 

F. S. McKAY, Colorado Springs, 
Colo.; 85; dentist and a pioneer in the 
fluoridation of drinking water; 21 Aug. 

A. FRANK OWINGS, Washington, 
D.C.; 37; deputy assistant director for 
Technical Information Service, U.S. 
Atomic Energy Commission; 15 June. 

WILLIAM STROUD, Philadelphia, 
Pa.; 68; chairman of the department of 
cardiology at the University of Penn- 
sylvania Graduate School of Medicine 
and chief of staff at Children’s Heart 
Hospital; 19 Aug. 


Errata: In Wilder Penfield’s article, ‘““The in- 
terpretive cortex,” [Science 129, 1719 (26 June 
1959)], the word psychical should be substituted 
for physical on page 1719, column 3, line 15. On 
page 1723, column 3, last line, reference should 
be made to Fig. 6, not Fig. 3. 
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Book Reviews 


Science Study Series. The Neutron 
Story. Donald J. Hughes. 158 pp. 
Echoes of Bats and Men. Donald R. 
Griffin. 156 pp. Magnets. The educa- 
tion of a physicist. Francis Bitter. 155 
pp. How Old Is the Earth? Patrick 
M. Hurley. 160 pp. Soap Bubbles. 
And the forces which mould them. 
C. V. Boys. 156 pp. Doubleday, Gar- 
den City, N.Y., 1959 (available to sec- 
ondary-school students and teachers 
through Wesleyan University Press, 
Columbus 16, Ohio). Illus. Paper, 
$0.95 each; $1.10 in Canada. 


These five volumes bring new life and 
vigor to a field largely dominated by for- 
mal textbooks. First in a series of paper- 
back editions, they form a stimulating 
link between scientists and laymen. 
Largely dissimilar in subject matter, all 
the books bear the earmark of the au- 
thors’ enthusiasm and scholarly compe- 
tence. The first four books break down 
the time gap that too often separates 
textbooks from the latest developments 
in science. The fifth book, Soap Bubbles, 
is in a class by itself, since it was first 
published in 1902 by the Society for Pro- 
moting Christian Knowledge, of Lon- 
don. 

Criticism of the encyclopedic nature 
of traditional secondary-school physics 
courses motivated a committee of physi- 
cists, high-school teachers, and other 
specialists meeting at Massachusetts In- 
stitute of Technology in 1956 to devise 
a fresh approach to the teaching and 
study of high-school physics. A guiding 
principle of the Physical Science Study 
Committee, established to develop the 
new course, is the emphasis on funda- 
mentals rather than on detailed appli- 
cation. The purpose of the “Science 
Study Series” is to bring specialized 
fields of physics not only to physics stu- 
dents but to the general public as well. 
Although the amount of mathematics 
included is reduced to a minimum, there 
is real substance in all the books. 

In his preface to The Neutron Story, 
Donald Hughes writes: “The Neutron 
Story, I feel, is scientific fact whose 
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meaning and beauty can be transmitted 
without higher mathematics or head- 
lines. It is my conviction that in this 
you will agree 
of mystery, 





the story has elements 
profundity, and _ beauty, 
whose significance can be conveyed to 
those without technical training who are 
willing to put their minds to it.” 

In chapter | the versatility of the neu- 
tron in nuclear research is related to its 
penetrating property, which results from 
the absence of electrical interaction with 
its subatomic particles. Hughes gives a 
brief history of our knowledge of the 
neutron, discussing its discovery in 1932, 
its role in the fission of uranium (1939), 
its application in chain reactions and in 
the production of radioisotopes, and its 
promise in revealing the innermost struc- 
ture of matter. 

In chapter 2 there is a lucid review 
of our knowledge of the structure of the 
atom, beginning with Rutherford’s dem- 
onstration of the compact nature of the 
nucleus. The puzzle of nuclear structural 
differences in isotopes, once explained 
in terms of pairs of protons and electrons 
inside the nucleus, is made clear by a 
nonmathematical reference to wave me- 
chanics. Chadwick’s discovery of the 
neutron is described, as well as evidence 
leading to the conclusion that “the neu- 
tron is actually a fundamental particle, 
existing in its own right, and constitut- 
ing a basic component of matter.” 

In chapter 3 the duality of the neu- 
tron is explored, and the wave nature 
of the particle is related to the speed of 
the neutron. Again a nonmathematical 
treatment of quantum mechanics is ably 
used. Crucial experiments in neutron 
refraction and reflection are discussed. 

Chapter 4 considers the inner struc- 
ture of the neutron and how it can be 
altered profoundly. Neutron disintegra- 
tion, the neutrino, the explanation of 
the magnetic field of the neutron in 
terms of the meson, and polarized neu- 
trons are presented. 

Striking examples of the nuclear ef- 
fects of neutrons make up chapter 5. 
Neutron capture by a stable nucleus may 
lead to radioactive forms. The function 





of the moderator in improving neutron 
capture is related to the wavelength of 
the neutron. The Gamow neutron-cap- 
ture theory of the origin of the elements 
is an intriguing bridge between the in- 
finitesimal and the infinite. 

Chapter 6 is a fascinating discussion 
of neutron experiments in solid-state 
physics. The use of fast neutron bom- 
bardment to produce changes in crystal 
structure is shown to have wide practi- 
cal importance. 

Chapter 7 discusses “cold” neutrons 
and how they are used to reveal atomic 
motions. Chapter 8 concludes the book, 
with an explanation of the chain reac- 
tion in the fission and fusion bomb, in 
reactors, and in the thermonuclear re- 
actor. 

“We have had another revelation of 
how infinitely intricate are the re!ation- 
ships of subatomic particles, how won- 
drous the scheme of the universe as re- 
vealed in the world of the very small,” 
concludes Hughes. 

Echoes of Bats and Men, by Donald 
Griffin, professor of zoology at Harvard, 
well illustrates the far-ranging values of 
physics—for example, in solving prob- 
lems in biology. “A century-old mystery 
of zoology was largely dispelled by one 
afternoon in the appropriate physics 
laboratory,” states Griffin. 

The theme of the book is accurately 
expressed in the preface: “Man has 
been said to ‘stand between the atoms 
and the stars’ and between molecules 
and men are to be found many fascinat- 
ing applications of physics, broadly con- 
ceived. Outstanding among these are 
ways in which living organisms utilize 
wave motion of various kinds. Of par- 
ticular interest is the interplay between 
sound waves and the animals and men 
who use them.” 

Recently perfected sonar and radar 
techniques for ranging are “old hat” to 
porpoises and bats. Griffin’s descriptions 
of ingenious experiments devised to un- 
cover the secret of the navigational skill 
of porpoises and of bats in darkness 
makes fascinating reading. “To have 
survived at all required of these animals 
and their ancestors enormous skills at 
echolocation, the location of objects by 
their echoes.” 

Enough is presented of the principles 
of sound to make the book understand- 
able to readers who have no background 
in physics. A number of simple experi- 
ments are described in which a toy 
“clicker” or a tape recorder is used to 
explore sound ranging at first hand. 

Explanations of radar and sonar are 
given. For the quantitative-minded, an 
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entertaining comparison is made_be- 
tween the echolocation efficiency of an 
airborne radar system and that of a large 
and of a small bat. 

The book concludes with a review of 
experiments that explain how blind peo- 
ple are able to find their way around, 
largely by echolocation. A final question 
for further research is posed: Why do 
blind men fail to learn as much from 
echoes as they theoretically should? 

Each of the five books reviewed here 
has a different emphasis. Magnets is es- 
sentially the personal story of the edu- 
cation and professional career of Francis 
Bitter, professor of physics at Massachu- 
setts Institute of Technology. His book 
will appeal to students and laymen be- 
cause it presents some of the latest ideas 
about the origin of magnetism in a 
largely nonmathematical way. The per- 
sonal nature of the book, which conveys 
the author’s continuing enthusiasm for 
research, poses a number of still-unan- 
swered questions in magnetic theory, and 
shows Bitter’s honesty in searching for 
the truth, may well be an inspiration to 
student readers. 

The viewpoint of the book is revealed 
by Bitter in the preface: “I shall tell 
you about magnetism in the most valid 
way I know—and in an interesting way, 
I hope—by describing my personal voy- 
age of exploration, and how it felt to 
me... . But you will learn something 
about magnetism, and perhaps quite a 
lot of a man’s life and his absorption in 
his work.” 

After a brief description of his child- 
hood, the author reviews several basic 
principles of magnetism: the inverse 
square law, magnetic fields, and electro- 
magnetism. Bitter’s deep involvement in 
magnetism began with his doctoral the- 
sis on the magnetic susceptibility of hy- 
drocarbons. It was the era of the appli- 
cation of quantum mechanics to magne- 
tism, anid the author conveys the enthu- 
siasm with which experimental verifica- 
tion of quantum predictions was sought. 

Bitter then studied ferromagnetism, in 
the research laboratories of Westing- 
house, applying theory to improve the 
magnetic qualities of iron. Subsequently, 
at Massachusetts Institute of Technol- 
ogy, he designed electromagnets of very 
great strength to explore the electronic 
structure of complex atoms. His work 
during world War II in degaussing ships 
led to further application of magnetic 
principles. Magnetic resonance, one of 
the most important techniques in study- 
ing nuclear structure, is well explained. 

Bitter’s conclusion of this story about 
himself and about magnetism is in char- 
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acter. “And finally, have you a feeling 
that the pursuit of science is a most ex- 
citing treasure hunt, and that clearly ex- 
pressed and reliable knowledge is one of 
our greatest treasures?” 

Through application of our knowledge 
of radioactivity, vast strides have been 
taken in all the sciences. In How Old Is 
the Earth?, advances in geophysics are 
presented for students and for the pub- 
lic. The theme of the book is stated in 
the preface: “Not only has radioactivity 
supplied most of the energy for the 
earth’s great geologic events; it also 
measures the time at which these events 
have occurred. As we shall see in later 
chapters, each grain of sand, each mi- 
nute crystal in the rocks about us is a 
tiny clock, ticking off the years since it 
was formed. It is not always easy to read 
them, and we need complex instruments 
to do it, but they are true clocks or chro- 
nometers. The story they tell numbers 
the pages of earth history.” 

This book requires careful reading, for 
each page offers food for thought. But 
to read it can be rewarding, for it can 
lead to an insight into geologic prin- 
ciples. The book opens with a review of 
the structure of the earth. Seismological 
methods and the isostasy process are 
clearly explained. The large amount of 
energy that is expended in the formation 
of mountains and in other changes in 
the interior of the earth requires an al- 
most endless source of energy. Evidence 
is presented to show that the major 
source of this energy is the activity of 
radioactive components of the earth, 
which are largely concentrated in the 
near-surface layers. A long chapter is de- 
voted to explaining fundamental prin- 
ciples of radioactivity. 

A discussion of the measurement of 
geologic time by sedimentary strata is 
followed by a thorough exposition of 
calculations based on radioactive meas- 
urements. Conditions necessary for iso- 
topic studies in crystals are given, to- 
gether with sample calculations. Carbon- 
14 dating, its applications and its limi- 
tations are described. The book ends 
with speculations on the origin of the 
solar system and the elements. 

It may seem strange indeed that Soap 
Bubbles, first printed in 1902, should be 
included in the modern “Science Study 
Series.” And yet the book should be of 
great interest to students, teachers, and 
laymen. It is a masterpiece of exposi- 
tion, discussing the widespread effects of 
surface tension in molding soap bubbles 
and explaining some strange natural oc- 
currences. 

In the latter part of the 19th century, 


when the classical foundation of science 
was being established, there was intense 
popular interest in the rapidly growing 
physical sciences. Public science lectures 
that featured remarkable demonstrations 
attracted enthusiastic throngs. John Tyn- 
dall, the English master of physics dem- 
onstrations, said in his preface to Heat: 
A Mode of Motion: “In the following 
lectures I have endeavored to bring the 
rudiments of a new philosophy within 
the reach of a person of ordinary intelli- 
gence and culture.” Following in Tyn- 
dall’s footsteps, C. V. Boys presented 
three lectures before a juvenile audience 
at the London Institution in 1889. This 
book is the record of those demonstra- 
tions. The style of the book is well illus- 
trated by the opening paragraph: “I do 
not suppose that there is any one in this 
room who has not occasionally blown a 
common soap bubble, and while admir- 
ing the perfection of its form, and the 
marvellous brilliancy of its colours, won- 
dered how it is that such a magnificent 
object can be so easily produced.’ 

In the first lecture, experiments are 
presented which establish the remark- 
able elastic properties of the “skin of 
water” (surface tension). “You see that 
it is quite possible to go to sea in a sieve 
—that is if the sieve is large enough and 
the water is not too rough. . . .” Capil- 
larity, the cleaning action of benzene on 
grease, and the role of ox-gall in pro- 
moting the spreading of artists’ colors 
are explained by some of the experi- 
ments described. 

Lectures 2 and 3 should be studied by 
science teachers as models of the mas- 
terly use of visual aids in demonstration. 
Microprojection, 
stroboscopic 


photographic _ slides, 
projection, and action- 
stopping pulse photography are used to 
produce startling and inspiring demon- 
strations. In view of the simple mate- 
rials needed to perform the experiments 
and the clarity of the “practical hints” 
(about 30 pages), this book should be 
a source of inspiration to students in 
presenting demonstrations and special 
reports. 

I shall use these and subsequent vol- 
umes of the “Science Study Series” in 
my physics classes at the Bronx High 
School of Science. Perhaps the com- 
ments of one student who read The 
Neutron Story will interest other stu- 
dents: “Excellent . . . in a class by itself 
. . . first book suitable for high school 
students with enough details, yet requir- 
ing only simple math.” 

CuHartes HELLMAN 
Bronx High School of Science, 
Bronx, New York 
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Chromatographic Reviews. Progress in 
chromatography, electrophoresis, and 
related methods. vol. 1. Michael 
Lederer, Ed. Elsevier, Amsterdam, 
Netherlands, 1959 (order from Van 
Nostrand, Princeton, N.J.). ix+276 
pp. Illus. $8.75. 


Those who recall, for example, the 
search for specific precipitants for each 
of the 20-odd amino acids in protein hy- 
drolyzates, or the innumerable fractional 
crystallizations required for the separa- 
tion of the rare earths, appreciate the 
revolution in biological and inorganic 
chemistry that chromatography has 
brought about. This is a book that re- 
ports progress in that revolution, a book 
that could equally well be described as 
a monograph, a bound volume of a jour- 
nal, or a supplement to the widely used 
Chromatography by Lederer and Led- 
erer. Of the nine chapters, four have 
been translated from the French or Ger- 
man in which they appeared in the Jour- 
nal of Chromatography. Reio’s chapter 
on new equipment for recording chro- 
matograms and its application to phenol 
derivatives represents original work. The 
longest chapter is a translation of Neher’s 
monograph on the chromatography of 
sterols and related compounds. Other 
chapters deal with the chromatography 
of the curare alkaloids, chloroplast and 
anthocyanin pigments, and inorganic 
phosphorous compounds. Demole de- 
scribes the preparation of films on glass 
for use in adsorption chromatography, 
and two chapters are devoted to electro- 
phoresis. 

Much of the work refers to paper 
chromatography, but results with col- 
umns and with disperse, solid phases 
other than cellulose are reviewed in some 
instances. In their discussion of solvent 
systems all of the contributors utilize the 
concept of polarity, but the discussion is 
presented in such general terms that the 
selection of the most suitable system 
for a given mixture remains largely em- 
pirical. Less frequently an attempt is 
made to relate the structure of the mate- 
rial being chromatographed to its Ry or 
R, value. Although chromatography is 
useful in structure determinations, all 
authors agree that this technique must 
be supplemented by one or more of the 
classical procedures of organic chem- 
istry. 

The review of high-voltage electro- 
phoresis by its originator, Michl, will 
doubtless help to overcome the lag in 
the use of this method. One marvels at 
the separation of the amino acids that 
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are obtained when the mixing effect of 
diffusion is minimized by the use of 
steep potential gradients. Included in 
this chapter are data on other materials 
of biological interest. From the results 
reported by Chemla, it appears that the 
failure of Kendall to separate the lith- 
ium isotopes by electrophoresis was due 
to the insensitivity of the method of iso- 
topic analysis that he used in this pioneer 
work. The mobility differences of many 
of the isotopic ions are now known, how- 
ever, and it is of interest to note that 
these differences are less for the hydrated 
ions in aqueous media than for the same 
ions in fused salts. 

L. G. LoncswortH 
Rockefeller Institute, 
New York, New York 


Trigonometric Series. vols. 1 and 2. 
A. Zygmund. Cambridge University 
Press, New York, ed. 2, 1959. xii + 383 
pp.; vii+354 pp. $15 per volume; 
$27.50 per set. 


The first edition of this treatise ap- 
peared in the collection Monografie 
Matematyczne in Warsaw in 1935. The 
young, brilliant author was professor at 
the Polish university of Wilno. The book 
was accepted right away as the standard 
text in the field. It was reprinted in 
New York after the war, when the 
Polish edition became unavailable. 
(Zygmund has been in this country since 
1940, at the University of Chicago since 
1947). In a way it is fitting that the new 
edition should be published by the Cam- 
bridge University Press, for much of the 
theory stems from Cambridge, and much 
of the preparation of the manuscript of 
both editions was done while the author 
was a visitor there. It is only a pity that 
publication of such a magnum opus can- 
not be supported by a subvention that 
would bring the price within the budget 
of the average American mathemati- 
cian. 

In the revision, the single volume has 
become two. The first volume contains 
most of the material of the original edi- 
tion, greatly expanded and brought up 
to date. A considerable part of the sec- 
ond volume is completely new. The 
treatise is likely to maintain its role as 
the standard text in the field for another 
couple of decades. It is essentially clas- 
sical mathematics at its best. It deals 
with trigonometric series and the many 
contacts which this theory has with real 
and complex variables. It is not con- 





cerned with modern harmonic analysis, 
and there is no mention of group char- 
acters. The author, in his preface, calls 
attention to the fact that the theory of 
trigonometric series has been a source of 
new ideas for analysts during the last 
two centuries, and he adds that it is 
likely to be so in years to come. I heart- 
ily agree. 

A list of the contents will give the 
reader of this review a notion of the 
wealth of material included in the trea- 
tise. There are nine chapters in volume 
1: (i) Trigonometric series and Fourier 
series. Auxiliary results; (ii) Fourier co- 
efficients. Elementary theorems on the 
convergence of S[f] and Sif; (iii) Sum- 
mability of Fourier series; (iv) Classes 
of functions and Fourier series; (v) Spe- 
cial trigonometric series; (vi) The abso- 
lute convergence of trigonometric series; 
(vii) Complex methods in Fourier 
series; (viii) Divergence of 
series; (ix) Riemann’s theory of trig- 
onometric series. There are eight chap- 
ters in volume 2: (i) Trigonometric in- 
terpolation; (ii) Differentiation of series. 
Generalized derivatives; (iii) Interpola- 
tion of linear operations. More about 
Fourier coefficients; (iv) Convergence 
and summability almost everywhere; (v) 
More about complex methods; (vi) Ap- 
plications of the Littlewood-Paley func- 
tion to Fourier series; (vii) Fourier in- 
tegrals; (viii) A topic in multiple Fourier 
series. Historical notes and an excellent 
bibliography complete the volume. 

The printing and format are first rate. 

Ernar HILie 
Department of Mathematics, 
Yale University 


Fourier 


Population: An International Dilemma. 
A summary of the proceedings of the 
conference committee on population 
problems, 1956-1957. Frederick Os- 
born. Population Council, New York, 
1958. ix+97 pp. 


This modest volume summarizes dis- 
cussions held over a period of 2 years by 
a committee set up by the trustees of 
the Population Council. The purpose of 
these discussions was to explore the 
nature of the population crisis and to 
attempt to define steps which might be 
taken to resolve it. Discussants ranged 
from statisticians to clergymen, from the 
director of an institution concerned with 
international education to the author of 
a book on the depletion of resources. 

Frederick Osborn, director of the 
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Population Council, has condensed the 
500 typed pages of memoranda and 
transcript into 89 printed pages. 

The book is divided into two parts: 
“Outline of present conditions’; and 
“Indicated lines of action.” This 
thought-provoking survey should be re- 
quired reading for every person con- 
cerned with the population problem, 
which the United Nations has described 
as having an “importance which tran- 
scends economic and social considera- 
tions. It is at the very heart of the prob- 
lem of our existence.” 

In his summary, Osborn reviews some 
of the difficulties involved in getting to 
the heart of this dilemma: “The attempt 
to control mortality is becoming a major 
social activity all over the world. The 
resulting decline in deaths is bringing 
about rapid population 
trends. The rate of population growth 
in many underdeveloped areas is now 


changes in 


much greater than was ever experienced 
in European countries. In most of the 
others it will be so in the foreseeable fu- 
ture. And the population base is far 
larger than it ever was in Europe. Un- 
less an effort equal to that made for 
the control of death is made for the 
control of fertility, and unless a reduc- 
tion of births is achieved within a few 
decades, the hopes of great but under- 
developed nations for better conditions 
of life may prove futile, while the pres- 
ent standard of economically advanced 
nations will decline. Such a tragic fail- 
ure to achieve the higher levels of living 
that should be possible could only bring 
disillusion, confusion, and the danger of 
resort to desperate measures.” 
The concern with this “central prob- 
lem,” voiced by the United Nations, ap- 
pears to be amply justified. 

Rosert C. Cook 
Population Reference Bureau, 
Washington, D.C. 


The Great Pulse. Japanese midwifery 
and obstetrics through the ages. Mary 
W. Standlee. Tuttle, Rutland, Vt., 
1959. 192 pp. Illus. $4.50. 


Japan’s medicine, even more than her 
ilture, is a product of successive foreign 
iluences which were superimposed 
won the indigenous practices, adapted 
cally, and blended into a colorful 
nosaic. The art of writing was unknown 
it Japan before the introduction of the 
Chinese character in the 6th century 
4D, and all knowledge of earlier ideas 
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had to be culled from uncertain sources 
and from surviving practices of the basic 
Shinto religion. Documentation began 
with the earliest medical books taken 
bodily from the Chinese. 

Japanese obstetrical practice, however, 
obviously antedated the advent of the 
written word. As in all early cultures, 
Japanese women were attended in preg- 
nancy and childbirth by untrained fe- 
male relatives and neighbors or by mid- 
wives with varying degrees of skill. The 
tenets of Shinto make it evident that all 
natural female functions, such as men- 
struation and childbirth, were consid- 
ered ritual impurities which demanded 
segregation of the individual. The first 
Chinese book used in Japan pronounced 
pregnancy a disease of the blood and so 
strengthened the taboo aspect of this 
condition. 

According to this oldest known Chi- 
nese medical classic, the Huang Ti Nei 
Ching Su Wen, diagnosis of early preg- 
nancy was made from the pulse. “The 
great pulse,’ the name by which this 
symptom was known, was taken as the 
title for Mary Standlee’s book. In this 
work she describes the amalgamation of 
indigenous practices and beliefs with 
those of foreign origin. Throughout the 
narrative two essential points recur again 
and again: the wealth of persistent 
superstition of ancient origin that sur- 
rounds pregnancy and childbirth and the 
continuing employment of midwives as 
the chief obstetrical attendants in pres- 
ent-day Japan. 

The book is the only Western study 
which deals with the complete history 
of Japanese obstetrics, and, as such, it is 
a welcome and important contribution. 
Unfortunately, the author admittedly is 
not thoroughly familiar with Oriental 
thought, and this deficiency is notice- 
able, although she acknowledges the help 
of experts. This lack is manifest in her 
treatment of the ancient basic Chinese 
concept of the Yin and the Yang, the 
universal dual force whose balance as- 
sures peace and health and whose im- 
balance brings disaster and disease. The 
author’s approach to this abstract con- 
cept is oddly feministic, revealing her 
resentment that negative attributes are 
symbolized by Yin, the female half of 
the dual force. Although her reaction is 
disguised by awkward jocular expres- 
sions, it appears to indicate that she 
equates this cosmic force with the sub- 
ordinate position of women in Japanese 
society. Similarly, the résumé of the 
legends of the Divine Age, dealing with 
the origin of the imperial family, is given 


in a bantering manner which may be in- 
tended to lighten the tedium of dynastic 
history but falls short of being amusing. 

Passing references to Japanese medi- 
cine also reveal a lack of knowledge of 
some of its fundamental elements. Al- 
though acupuncture and moxa treat- 
ment are frequently mentioned as 
the theory underlying their 
use is never explained. And the Huang 
Ti Nei Ching Su Wen, the oldest Chi- 
nese book on internal medicine, is re- 
ferred to as “the materia medica of 
early Chinese civilization,” although its 
emphasis on medicinal substances is neg- 
ligible compared to that of the Pen 
Tsao, which is devoted exclusively to 
drugs. 


” 


~ panaceas, 


These flaws will be disturbing mainly 
to those familiar with the history of the 
Far East, who will find the book lacking 
in depth. To the less critical reader, for 
whom it is apparently intended, it will 
prove interesting and informative. The 
material dealing with more recent events 
is drawn from essentially good personal 
observation, and is accurately presented. 
The illustrations are well selected and 
excellently reproduced. 

Itza VEITH 
Departments of Medicine and History, 
University of Chicago 


Mutilaciones Dentarias Prehispanicas 
de México y America en General. 
Javier Romero. Instituto Nacional de 
Antropologia e Historia, Mexico City, 
1958. 326 pp. Illus. 


The practice of filing the edges of the 
front teeth into various shapes or of 
ornamenting the labial surfaces of the 
upper front teeth with inlays of jadite, 
pyrite, turquoise or (rarely) gold, never 
had very wide acceptance among pre- 
historic American Indians. In the main, 
it was restricted to the high-culture 
populations of what is now Mexico, 
Guatemala, and British Honduras—in 
other words, Meso-America. From this 
center, elements of the practice are be- 
lieved to have spread northward, up the 
Mississippi Valley to the region of the 
present city of St. Louis, and southward 
to what is now Ecuador, without, how- 
ever, leaving traces in the intervening 
regions. Traces of this custom have been 
found, also, in the American Southwest 
and as far away as Bolivia, Chile, and 
Argentina. Surprisingly, nothing of the 
sort has been found in Panama and 
Peru. 
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Such is the picture that Javier Ro- 
mero, director of the Department of 
Physical Anthropology at the Instituto 
Nacional de Antropologia e Historia in 
Mexico City, presents in this attractive 
and well-planned publication. For evi- 
dence, he includes a catalog of 618 
teeth, of which some have not previ- 
ously been described. Also, he discusses 
in detail such things as the classification 
of mutilation types and patterns; the 
age and geographical distribution of 
the specimens; the relationship of the 
practice to age, sex, and cranial de- 
formity; and the significance of the 
practice in the social hierarchy. As the 
title indicates, he has not confused the 
picture by including discussion of a 
similar practice introduced in historic 
times by African slaves. 

The summary, which is given also in 
English, includes the following points: 
51 forms of tooth mutilation are now 
known; predominance of the practice in 
one sex or the other varies from period 
to period; all of the specimens were 
judged to be from individuals 18 years 
of age or older; no exclusive association 
between the practice and the social hier- 
archy has been established; the practice 
has been traced back to the pre-Classic 
period of Mexico, or to about 2800 years 
before the discovery of America. 

T. D. Stewart 
U.S. National Museum, 
Smithsonian Institution 


Faune de France. 62. Coléoptéres Cur- 
culionides, vol. 3. Adolphe Hoffmann, 
Lechevalier, Paris, 1958. 545 pp. Illus. 
F. 642. 


This is the third and final volume by 
Hoffmann on the Curculionidae of 
France. It deals with the following sub- 
families, as listed in the Junk Coleop- 
terum Catalogus: Tychiinae Cioninae, 
Nanophyinae, Gymnaetrinae, Rhynchae- 
ninae, Cryptorhynchinae, Trachodinae, 
Erirhininae, Apioninae, Apoderinae, At- 
telabinae, and Rhynchitinae. 

In this volume, as in the two preced- 
ing ones, Hoffmann does not, in many 
instances, follow the modern plan of ar- 
rangement of higher categories of Cur- 
culionidae. He lumps the 12 groups listed 
above into three subfamilies—namely, 
Calandrinae, Apioninae, and Rhynchi- 
tinae. To list all the nomenclatorial 
changes would be impractical, but a few 
should .be called to the users’ attention, 
such as the use of the generic name Gry- 
pidius Stephens for Grypus Germar 
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(footnote, page 1425); the use of the 
generic name Eteophilus Bedel for Dory- 
tomus Germar (footnote, page 1437); 
and the use of the generic name Crypto- 
rhynchus Illiger for Sternochetus Pierce. 
The author has either disregarded or 
does not know the procedures in taxon- 
omy regarding the validity of generic 
names for he has ignored article 25 of 
the Rules of Zoological Nomenclature 
in this otherwise well-presented work. 

Keys to the tribes, genera, and species 
that are treated are given. This, being 
the final volume, contains a supplement 
of additions and corrections and an 
alphabetical index to the three volumes 
which includes subfamilies, tribes, sub- 
tribes, genera, subgenera, species, sub- 
species, varieties, and synonymies. A 
38-page index to the host plants and a 
list of botanical families appear in this 
volume. 

The author has undoubtedly spent 
much time and effort on this work, and 
it will indeed be of help in identifying 
the weevils of France. 

Rose ELtA WARNER 
Entomology Research Division, 
U.S. Department of Agriculture 


New Books 


Aids to Bacteriology for Nurses. E. Joan 
Bocock and Katharine F. Armstrong. Bail- 
liere, Tindall and Cox, London, 1959 (or- 
der from Williams & Wilkins, Baltimore, 
Md.). 186 pp. $3. 

Alcoholism. The nutritional approach. 
Roger J. Williams. Univ. of Texas Press, 
Austin, 1959. 130 pp. $2.50. 

American Petroleum Refining. H. S. 
Bell. Van Nostrand, Princeton, N.J., ed. 
4, 1959. 547 pp. $12.50. 

Aromatic Substitution. Nitration and 
halogenation. P. B. D. De La Mare and 
J. H. Ridd. Academic Press, New York, 
1959. 259 pp. $9. 

Asbestos. Its industrial applications. 
D. V. Rosato. Reinhold, New York; 
Chapman & Hall, London, 1959. 220 
pp. $5.75. 

Carcinogenesis by Ultraviolet Light. 
Harold F. Blum. Princeton Univ. Press, 
Princeton, N.J., 1959. 355 pp. $6.50. 

Cell, Organism and Milieu. Dorothea 
Rudnick, Ed. Ronald Press, New York, 
1959. 331 pp. $8. This volume includes 
the contributions to the 17th symposium 
of the Society for the study of Develop- 
ment and Growth. The theme for this 
symposium was centered around the con- 
cept of differentiation and growth in re- 
sponse to a changing chemical environ- 
ment. The contributions include reviews 
and studies of tissue differentiation as af- 
fected by the biochemical environment, 
muscle cell models, tissue response to 
hormonal milieu, growth factors operat- 
ing on plant tissues, and growth and 
differentiation in whole organisms in re- 
lation to chemical alterations in their en- 
vironment. 





Chemical Engineering 
Chaplin Tyler and C. H. 


Economics, 
Winter, Jr. 
McGraw-Hill, New York, ed. 4, 1959, 
212 pp. $7. 

Clinical Evaluation 
S. O. Waife and Alvin P. Shapiro, Eds, 
Harper, New York, 1959. 233 pp. $7.50, 


of New Drugs. 


Contents: pt. 1, “Principles of drug 
evaluation” ; and pt. 2, “Clinical trials in 
practice.” Contributors include W. B. 
Bean, H. K. Beecher, K. H. Beyer, Jr, 
Harry F. Dowling, J. L. Gabrilove, D. J. 
Ingle, N. S. Kline, L. Lasagna, T. E. 
Machella, P. Meier, E. L. Severinghaus, 
A. P. Shapiro, S. O. Waife, and S. Wolf. 

Connective Tissue, Thrombosis, and 
Atherosclerosis. Proceedings of a confer- 
ence. Irvine H. Page, Ed. Academic Press, 
New York, 1959. 326 pp. $9.50. 

Continuous Analysis of Chemical Proc- 
ess Systems. Sidney Siggia. Wiley, New 
York; Chapman & Hall, London, 1959. 
394 pp. $8.50. 

Contributions to the Theory of Games. 
vol. 4. A. W. Tucker and R. D. Luce, 
Eds. Princeton Univ. Press, Princeton, 
N.J., 1959. 460 pp. 

Educating the Gifted. A book of read- 
ings. Joseph L. French, Ed. Holt, New 
York, 1959. 570 pp. 

Electrolyte Solutions. R. A. Robinson 
and R. H. Stokes. Academic Press, New 
York; Butterworths, London, 1959. 574 
pp. $11.50. 

Elements of Chordate Anatomy. Charles 
K. Weichert. McGraw-Hill, New York, 
ed. 2, 1959. 511 pp. $6.75. 

An Experimental Inquiry into the Prin- 
ciples of Nutrition and the Digestive 
Process. John R. Young. Univ. of Illi- 
nois Press, Urbana, 1959. 75 pp. $2.50. 

Fluctuation Phenomena in Semi-Con- 
ductors. A. Van Der Ziel. Academic Press, 
New York, Butterworths, London, 1959. 
176 pp. $6.50. 

Hot Organic Coatings. Raymond B. 
Seymour. Reinhold, New York; Chap- 
man & Hall, London, 1959. 243 pp. $7.50. 

Hypersonic Aerodynamics. Robert W. 
Truitt. Ronald Press, New York, 1959. 
474 pp. $10. 

Hyperstatic Structures. An introduction 
to the theory of statically indeterminate 
structures. vol 1. J. A. L. Matheson. Aca- 
demic Press, New York; Butterworths, 
London, 1959. 489 pp. $15.50. 

Individual Choice and Behavior. A 
theoretical analysis. R. Duncan Luce. 
Wiley, New York; Chapman & Hall, 
London, 1959. 165 pp. $5.95. 

Induced Oxidation. W. P. Jorissen. 
Elsevier, Amsterdam, Netherlands, 1959 
(order from Van Nostrand, Princeton, 
N.J.). 218 pp. $8.75. 

Liquids and Liquid Mixtures. J. S. 
Rowlinson. Academic Press, New York; 
Butterworths, London, 1959. 370 pp. $12. 

Medical Biology and Etruscan Origins. 
Ciba Foundation symposium. G. E. W. 
Wolstenholme and Cecila M. O’Connor. 
Little, Brown, Boston, 1959. 267 pp. 
$9.50. 

Modern Aspects of Electrochemistry. 
No. 2. J. O’M. Bockris. Academic Press, 
New York; Butterworths, London, 1959. 
426 pp. $13. , 

Qualitative Analysis and Electrolytic 
Solutions. Edward J. King. Harcourt, 
Brace, New York, 1959. 662 pp. $6.95. 
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Individuality of the Meromyosins 


Abstract. Subtilisin, as well as trypsin 
and chymotrypsin, splits myosin into mero- 
myosin-like components. Examination of 
the N- and C-terminal residues of the 
L-meromyosin-like products suggests that 
all three proteases produce identical 
L-meromyosins. It is proposed that the 
role of the enzymes is to break secondary 
bonds. 


Gergely (1) and Perry (2) first showed 
that trypsin rapidly modified myosin to 
produce a water-soluble material with no 
loss of adenosine triphosphatase activity. 
Gergely (3) obtained two fractions, one 
soluble and the other insoluble at low 
ionic strength, most of the adenosine tri- 
phosphatase activity remaining in the 
soluble fraction. Mihalyi and Szent- 
Gyérgyi (4) showed that the reaction 
was monomolecular and that two dis- 
tinct components were produced. Szent- 
Gyérgyi (5) separated and named the 
heavier component H-meromyosin (mo- 
lecular weight, 230,000) and the lighter, 
L-meromyosin (molecular weight, 100,- 
000) and also determined their physical 
properties. Gergely, Gouvea, and Karib- 
ian (6) obtained similar products, using 
chymotrypsin plus trypsin inhibitor, in- 
stead of trypsin. I found that a sample of 
subtilisin (7) also converted myosin into 
components resembling H- and L-mero- 
myosin by means of a monomolecular 
reaction (8). The latter component could 
also be separated into ethanol-stable (L- 
meromyosin) and unstable fractions, as 
in the case of trypsin- and chymotrypsin- 
produced L-meromyosin (9). Electron 
micrographs of crystals of the subtilisin- 
produced L-meromyosin showed the typ- 
ical banded structure with the bands 420 
A apart. Recently Kominz has split myo- 





Instructions for preparing reports. Begin the re- 
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sin into two components by means of 
snake venom (10). 

Laki (11) pointed out that the L-mero- 
myosins should differ in detail, accord- 
ing to the specificity of the enzyme used, 
if their production is dependent upon 
the hydrolysis of certain peptide bonds 
in the original myosin. He quoted cer- 
tain references to support this hypothesis 
(10, 12). 

A detailed examination (13) by means 
of the Sanger technique (with fluorodi- 
nitrobenzene) of the N-terminal residues 
of the L-meromyosins produced by the 
action of trypsin, chymotrypsin (with 
trypsin inhibitor to inactivate any traces 
of trypsin) and subtilisin, for various 
times, has failed to reveal more than two 
equivalents per mole, and these are made 
up of traces of ten different N-terminal 
residues. However, it is possible to de- 
polymerize the L-meromyosins under 
suitable conditions in 5M urea (14), and 
this results in approximately a tenfold 
increase in the N-terminal residues 
found. After 24 hours’ treatment, with 
urea, fluorodinitrobenzene was added 
and stirred vigorously until it dissolved, 
and sodium bicarbonate was added to 
maintain pH > 8. After 4 hours the solu- 
tion was thoroughly dialyzed and lyo- 
philized. The results for the depoly- 
merized L-meromyosins are given in 
Table 1 and are always the same, ir- 
respective of the enzyme used. If the 
N-terminal residues are produced by hy- 
drolysis, they would not necessarily dif- 
fer with the enzyme used, unlike the C- 
terminal residues, but the probability of 
their remaining the same is small. 

Treatment of the L-meromyosins with 
carboxypeptidase A in the presence of 
diisopropylfluorophosphate at 40°C (en- 
zyme:substrate = 1:100; 0.6M KCI; 1- 
percent NaHCO,; pH 8.3) for 15 min- 
utes liberated aspartic acid, threonine, 
serine, alanine, glycine, valine, (iso) - 
leucine, phenylalanine, histidine, and 
tyrosine, the total being equivalent to 
1 to 2 C-terminal residues per molecule 
of L-meromyosin. On depolymerization 
of L-meromyosin in urea solution, fol- 
lowed by carboxypeptidase treatment, 
approximately 20 C-terminal residues 
per molecule of L-meromyosin were ob- 
tained. That the acids listed above origi- 
nated from the C-terminal residues was 
shown by the fact that similar results 


were obtained with the Akabori tech- 
nique (/5). Longer treatment of L- 
meromyosin with carboxypeptidase A re- 
sulted in a higher yield of the above- 
named acids. This was due to the fact 
that treatment at pH 8.3 alone was 
found to slowly dissociate L-meromyo- 
sin, and consequently tie C-terminal 
residues of the subunits were eventually 
liberated by the carboxypeptidase A. Still 
further treatment liberated other non-C- 
terminal acids. 

The Akabori technique was also used 
to determine the presence of C-terminal 
lysine residues. After a correction of 53 
percent for decomposition during the 
hydrazinolysis (16) had been made, less 
than 0.1 equivalent of C-terminal lysine 
was found in a mole of trypsin-produced 
L-meromyosin and _ considerably _ less 
in chymotrypsin-produced L-meromyo- 
sin. There was no increase in these val- 
ues on depolymerizing the L-meromyo- 
sins. This small amount of lysine from 
the trypsin-produced L-meromyosin was 
probably due to specific hydrolysis of 
the myosin by the trypsin and resultant 
adsorption of the C-terminal lysyl pep- 
tide material on the L-meromyosin. 

Thus, although it is true that certain 
amino acids, which would be expected 
as a result of the enzyme specificity, ap- 
pear in traces as C-terminal residues, it 
should be pointed out that, with the ex- 
ception of lysine, they are present in all 
the L-meromyosins produced by differ- 
ent enzymes and only appear in amounts 
equivalent to one or more C-terminal 
residues when the L-meromyosins are 
depolymerized. It is suggested, there- 
fore, that the proteases first modify the 
myosin by breaking secondary bonds, 
which are stable with respect to urea 
treatment, to produce the meromyosins, 
through activity somewhat similar to the 
“denaturase” action postulated by Lin- 
derstr@m-Lang (17). Only the final deg- 
radation phase is due to specific hy- 
drolysis. This does not entirely rule out 
the possibility that a “trigger” mecha- 
nism is “fired” by the hydrolysis of 


Table 1. N-terminal residues of depoly- 
merized L-meromyosins. Average chain 
weight, 5000. 


Equivalents/ 
N-terminal 100,000 ¢ 
residue (+0.2 
equivalents ) 
Aspartic acid 2 
Glutamic acid 2 
Threonine 1 
Serine 2 
Alanine 2 
Glycine 1 or 2? 
Valine 2 
Isoleucine 2 
Lysine 4 
Arginine 2 
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one or more peptide bonds, resulting in 
the formation of the meromyosins con- 
taining latent N- and C-terminal resi- 
dues which can be liberated by depoly- 
merization in 5M urea solution. How- 
ever, this is unlikely, as the operation 
of the “trigger” mechanism would vary 
according to the specificity of the pro- 
tease used, and these details would prob- 
ably be detected on comparison of the 
C-terminal residues. 

Laki (/1) concludes “that the mero- 
myosins are the proteolytic split prod- 
ucts of myosin and as such should not 
be considered as pre-existing subunits of 
myosin.” However, he agrees that “since 
tracer studies show that the two frag- 
ments of myosin have different turnover 
18)], at least two subunits of some 
kind pre-existing in the muscle can be 
postulated.” I would, therefore, like to 
draw attention to the work of Marshall 
and Holtzer (19), who used an immu- 
nological staining technique with the 
antibodies of myosin, L- and H-mero- 
myosin. The areas of the sarcomere, 
stained by the antibodies of L- and H- 
meromyosin, were more than the length 
of a myosin molecule apart, suggesting 
that myosin is either dissociated into L- 
and H-meromyosin in the muscle fibrils 
or that the molecule is greatly extended 
(20). 


rates [ 


W. R. MippLeBrook 
Institute for Muscle Research, 
Marine Biological Laboratory, 
Woods Hole, Massachusetts 
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Specific Action of Adenine as a 
Feedback Inhibitor of 
Purine Biosynthesis 


Abstract. Purines can prevent the for- 
mation of aminoimidazole precursors 
which are accumulated by bacterial mu- 
tants genetically blocked in purine bio- 
synthesis. If the block does not interfere 
with interconversions among adenine, gua- 
nine, hypoxanthine and xanthine, then 
any of the purines can act as a feedback 
inhibitor. If conversion of the other pu- 
rines to adenine is prevented, then adenine 
becomes a specific requirement for inhibi- 
tion; this indicates that feedback control 
operates at a level involving adenine or 
one of its congeners. 


Auxotrophic mutants of bacteria that 
accumulate the substrates of their 
blocked reactions have been extremely 
useful for studying feedback control of 
biosynthetic processes. The formation of 
the precursor serves as an index of the 
potential capacity of the bacteria for de 
novo synthesis of the metabolite in ques- 
tion. In the case of purine biosynthesis, 
feedback inhibition has been studied at 
the level of several aminoimidazole in- 
termediates accumulated by purine-re- 
quiring mutants. The formation of 
the ribotides of both 5-aminoimidazole 
and _5-amino-4-imidazolecarboxamide 
(AICA) (excreted as their respective 
ribosides) is prevented by those purines 
which can support the growth of the mu- 
tants (1, 2). 

Nonproliferating suspensions of strain 
B-96/1, a mutant of Escherichia coli B, 
accumulate AICA because of a muta- 
tional impairment in transformylase ac- 
tivity. An additional, genetically unre- 
lated, requirement for tryptophan allows 
the nonproliferating condition to be 
maintained when growth-promoting pu- 
rines are added in the absence of tryp- 
tophan. Under these conditions, all pu- 
rines which can serve as growth factors 
(adenine, hypoxanthine, xanthine, gua- 
nine, and isoguanine) cause a direct and 
immediate cessation of AICA forma- 
tion (2). Half-maximal inhibition is ob- 
tained with as little as 0.02 to 0.04 
umole of any purine per milliliter. Since 
interconversions between the purines can 
proceed unhampered beyond the trans- 
formylase block in strain B-96/1, it was 
not known whether each of the various 
purines exerted a separate inhibition or 
whether there was only one inhibitory 
form to which the others could be con- 
verted, 

In order to resolve this question, a 
system was required which contained an 
early block to allow for accumulation 
of precursors as well as an additional 
late block beyond the pivotal position of 
inosinic acid to prevent interconversions 
of the exogenously supplied purines. In 
addition, an unrelated deficiency in 
amino acid formation would be desir- 





able to permit analysis under nonprolif- 
erating conditions. The chance isolation 
of strain B-94, another mutant of Esch- 
erichia coli B, provided these require- 
ments. This mutant is lacking in aden- 
ylosuccinase, a bifunctional deacylase 
which is required for two separate func- 
tions in the biosynthesis of adenylic 
acid (3). One reaction involves the de- 
succinylation of SAICAR (4), the suc- 
cinyl derivative of AICA-ribotide; the 
other involves a similar splitting of 
adenylosuccinic acid to yield adenylic 
acid. Consequently, loss of this enzyme 
results in (i) the accumulation of 
SAICAR (excreted as both riboside and 
ribotide in the proportion 85:15) and 
(ii) a block in the process by which ino- 
sinic acid is aminated to adenylic acid 
so that interconversions which lead to 
adenylic acid are prevented and a specific 
requirement for adenine is manifested. 
Strain B-94 also exhibits a growth re- 
quirement for arginine which is unre- 
lated and genetically distinct from the 
adenylosuccinase deficiency. 


Table 1. Comparison of the inhibitory 
action of purines on the formation of 
AICAR by strain B-96/1 and on SAICAR 
by strain B-94, 


Amount required 















for 50% 
inhibition 
Purine (umole/ml) 
AICAR SAICAR 
(B-96/1) (B-94) 

Adenine 0.02 0.03 
Hypoxanthine 0.02 0.24 
Guanine 0.04 7.20 
Xanthine 0.03 > 10.00 

100 Fr Adenine 
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Fig. 1. Dose-response curves of the inhib- 
itory action of various purines on the 
formation of SAICAR by strain B-94. The 
yield of SAICAR was determined after 
an incubation period of 2 hours at 37°C. 
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Accumulation of SAICAR © and 
AICAR by nonproliferating suspensions 
of strains B-94 and B-96/1, respectively, 
was examined by methods previously 
described (5). Glucose and ammonium 
chloride served as the sources of carbon 
and nitrogen. The accumulated com- 
pounds were measured as diazotizable 
amines with special modifications (3) 
to distinguish between SAICA and 
AICA. In Table 1, the amounts of the 
purines required for a 50-percent inhi- 
bition of SAICAR formation in strain 
B-94 are compared with the amounts 
required for similar inhibition of AICAR 
formation in strain B-96/1. In the latter 
case, where interconversions are not im- 
paired, there is no more than a twofold 
difference between any of the purines, 
but in strain B-94, where interconver- 
sions are restricted, only adenine, the 
specific growth factor for this strain, 
shows a comparable degree of inhibi- 
tion. As can be seen in Fig. 1, hypoxan- 
thine has only 0.1 the activity of 
adenine; guanine and xanthine are com- 
paratively inactive. The inhibition ob- 
tained with higher concentrations of hy- 
poxanthine could be due to a weak 
feedback action, or, more probably, to 
an indirect effect whereby available sub- 
strates are diverted from their de novo 
purpose. For example, in the conversion 
of hypoxanthine to adenylosuccinic acid, 
a process known to operate in strain 
B-94, two substrates must be used which 
are also required for the de novo forma- 
tion of SAICAR; these are 5-phosphori- 
bosyl-l-pyrophosphate (PRPP) and as- 
partic acid. Xanthine and guanine would 
effect only a diversion of PRPP, and 
hence even higher concentrations would 
be required for inhibition. Thus, two 
mechanisms may be operating—one, an 
indirect effect inherent in the artificial- 
ity of the system whereby exogenously 
proffered compounds may compete for 
substrates; the other, a direct feedback 
action, operative in vivo and specifically 
triggered by very small concentrations 
of adenine or one of its ribosylated con- 
geners (6). 

JoserH S, Gots 
Jacos GoLpsTEIN 
Department of Microbiology, 
School of Medicine, University 
of Pennsylvania, Philadelphia 
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Dispersal of Fresh-Water Algae by 
Migratory Water Birds 


Abstract. Many migratory water birds 
killed in Texas and Oklahoma contained 
viable fresh-water algae in the lower di- 
gestive tracts. Such birds are thought to 
play a significant role in the long-range 
dispersal of certain algae, particularly 
those species easily killed by desiccation. 


Many fresh-water algae are distrib- 
uted widely over entire continents, if not 
the world. How such forms are trans- 
ported from one body of water to an- 
other is not well known, but the usual 
explanation has been that they are car- 
ried either by wind or on the feet, feath- 
ers, and bills of birds (1). As previously 
noted (2), neither method would be 
very effective in dispersing algae easily 
killed by desiccation, for example, the 
desmids. Such algae might be trans- 
ported considerable distances without 
being subjected to desiccation if they 
could survive a passage through the ali- 
mentary canal of migratory birds (3). 
The observations reported here indicate 
that many fresh-water forms are able to 
do so. 

Over a period of approximately one 
year, 25 different migratory waterfowl 
(126 birds) were shot from playas and 
fish-hatchery ponds in western Texas 
and south-central Oklahoma. Thirteen 
were discarded because of empty or 
shot-perforated large intestines. The 


birds were placed on ice as soon as 
they were killed, and later examined, 
usually within 1 to 3 hours. At that time 
one inch of gut from between the junc- 
tion of the caecum and the cloaca was 
ligated and removed. Also an_ occa- 
sional sample was taken from the distal 
portion of one of the caeca. After the 
section of the intestine had been dipped 
in 70-percent ethyl alcohol to remove 
possible contaminants, one end was re- 
moved with sterile scissors, and the 
fecal contents were allowed to drop into 
a sterile flask of distilled water. A few 
minutes later 5 ml of this suspension was 
pipetted to a second flask containing 
autoclaved soil-water medium. This pro- 
cedure was followed for each bird, yield- 
ing two sets of flasks. Both sets of flasks 
were then placed in a culture cabinet at 
23°C under continuous artificial light 
for a period of 3 to 10 days. At the end 
of that time the contents were examined 
microscopically for living algae. 

Viable algal cells were present in the 
lower digestive tract or caecum of one 
or more of the birds from each of the 
25 genera examined. Viable algae were 
present in birds killed over both land 
and water. From such piscivorous gen- 
era as grebes, herons, kingfishers, and 
egrets only a few simple unicellular 
green algae of the “Chlorella type” and 
an occasional blue-green alga were ob- 
tained. A much greater variety of algae 
was found in ducks and bottom-feeding 


Table 1. A comparison of the number and kinds of viable fresh-water algae recovered 
from the lower digestive tracts of some migratory water birds. 











No. of No. of 
: rasan algal Representative 
Bird birds genera genera of algae* 
examined 
present 
Pied-bill grebe 
(Podilymbus podiceps) 9 2 
Green-winged teal 
(Anas carolinensis) 14 17 4,5, 6, 7, 10, 11, 13, 14 
Blue-winged teal 
(Anas discors) 5 14 5, 4, 5, G; 16; 85 
Shoveler 
(Spatula clypeata) 6 20 1, 2, 4,'5,'6, S10; 1359S 
American coot 
(Fulica americana) 7 28 2, 4, 5, 6, 8, 9, 10, 11, 12, 
13, 14, 15 
Killdeer 
(Charadrius vociferus) 20 20 4,5,67,9, 16, tes 
14, 15 
Dowitcher 
(Limnodromus griseus) 9 20 1,2, 3,,4,:5, 6; 2; 10,43, 
14, 15 
American avocet 
(Recurvirostra americana) 4 15 I, 5, 6, 10, 12; Fao 
Wilson’s phalarope : 
(Steganopus tricolor) 2 1i 5, 6, 8, 9, 10, 13 
Belted kingfisher 
(Megaceryle alcyon) 2 1 





* Key: 1, Gonium; 2, Pandorina; 3, Eudorina; 4, Oedogonium; 5, Pediastrum; 6, Scenedesmus; 7, Spiro- 
gyra; 8, Closterium; 9, Penium; 10, Cosmarium; 11, Staurastrum; 12, Phacus; 13, Naviculoid diatoms; 


14, Merismopedia; 15, Arthrospira, 
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shore birds. In this latter group there 
were a number of fresh-water forms 
characteristic of the ponds of the region, 
in addition to the ubiquitous unicellular 
green algae. Some of the more interest- 
ing algae found in a representative 
group of birds are listed in Table 1. 

As a rule, more algae were present in 
birds shot during the spring than at any 
other time of the year. This probably 
reflected the greater diversity of algae 
normally present in the playas at that 
season. A scarcity of seeds and insects 
also may have caused the birds to ingest 
increased amounts of algae. 

A microscopic examination of fecal 
material shortly after it was removed 
from the birds disclosed that Gonium, 
Pandorina, and at least four genera of 
desmids had passed through the alimen- 
tary canal as vegetative cells. Since 
many blue-green algae as well as a num- 
ber of smaller unicellular green algae 
have no specialized resting stages they 
also must have passed through as vege- 
tative cells. Viable filamentous green 
algae were never observed in any part 
of the digestive tract beyond the giz- 
zard, although partially digested cells 
were often present, Filaments of Spiro- 
gyra and Oedogonium, present in the 
flasks after approximately one week, 
probably developed from zygotes. 

Attempts to germinate intact Chara 
zygotes found throughout the guts of a 
coot and a blue-winged teal were un- 
successful. Neither motile yellow-green 
algae nor dinoflagellates were ever ob- 
served in cultures from any of the birds. 
The afore-mentioned three groups are 
known to have relatively complex cul- 
tural requirements, and the possibility 
cannot be ruled out that failure was due 
to unsuitable media or environmental 
conditions. 

From a consideration of the rate of 
movement through the alimentary tract 
(4) and flying speed (5) of common 
migratory water birds, it seems reason- 
able to conclude that many fresh-water 
algae can be carried easily between lakes 
100 to 150 miles apart. Cells or colonies 
in the caecum may be carried several 
times this distance. 

VERNON W. Proctor 
Department of Biology, Texas 
Technological College, Lubbock 
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Effect of Light on Motility, 
Life-Span, and Respiration of 
Bovine Spermatozoa 


Abstract. Exposure to light of bovine 
spermatozoa suspended in various media 
results in a progressive decline in meta- 
bolic activity followed by the premature 
death of the cells. The inhibitory and 
spermicidal effects of visible light resemble 
a photodynamic action; the photosensitizer 
is an intrinsic component of the cell. 

The deleterious effects of short-wave- 
length radiation on spermatozoa have 
been examined in some detail by a num- 
ber of workers (1). Wells and Giese (2), 
studying photoreactivation of ultravio- 
let-irradiated sperm of the purple sea 
urchin Strongylocentrotus purpuratus, 
observed that visible light was also very 
harmful to these cells, immotilizing them 
and rendering them incapable of ferti- 
lizing normal eggs. A later investigation 
(3) showed that glycine exerted a pro- 
tective effect during exposure to visible 
light. 

With the development of an artificial 
medium in which bovine spermatozoa 
can be maintained at room temperatures 
in a physiologically active state in vitro 
for several days (4), it has become pos- 
sible to study experimentally the re- 
sponse of these cells to visible light. 

The collection and processing of bo- 
vine semen was carried out essentially as 
described by Norman et al. (4). The 
sperm were suspended in a modified co- 
conut-milk extender which contained, in 
final concentration, 15 percent coconut 
milk, 2.16 percent sodium citrate dihy- 
drate, 0.068 percent dihydrostreptomy- 
cin sulfate, 0.031 percent sodium penicil- 
lin, 0.3 percent sulfanilamide, and 2.5 
units of mycostatin per milliliter. The 
final concentration of the cells, deter- 
mined with a hemocytometer, was be- 
tween 10x 10° and 15x 10® cells per 
milliliter. Plastic vials containing the 
cell suspension were illuminated for 
varying periods on a glass plate 7 mm 
thick, placed 33 cm from a bank of two 
40-watt white fluorescent bulbs. These 





Table 2. Effect of light on spermatozoa 
suspended in various media. Light inten- 
sity, 1400 ft-ca. 








Expo- nose cells Motility 
sure 
(hr) Light Dark Light Dark 
Krebs-Ringer phosphate 
10 56 30 2.0 $,5 
60 63 39 0.5 ya 
Krebs-Ringer phosphate plus 
antibiotics* 

10 74 38 0 3.5 
60 100 52 0 3.0 
0.85% NaCl 
10 89 32 0 4.0 
60 100 68 0 2.5 
0.85% NaCl plus antibiotics 
10 88 32 0 BE 
60 100 100 0 0 


15% Coconut milk in Krebs-Ringer 
plus antibiotics 


10 51 22 0 4.5 
60 100 34 0 3.0 
Skim milk} 

24 0 3.0 
60 95 36 0 2.5 





* Same as in coconut-milk extender. 
+ Temperature, 5°C, 


lamps have a spectral range from 0.4 
to 0.7 w (5). The light intensity at the 
level of the sample vials was 300 ft-ca, 
as measured with a model 756 Weston 
illumination meter, and the ambient 
temperature was maintained at 26°+ 
2°C during the experiment. The param- 
eters used to determine the light sensi- 
tivity of the cells were the percentage 
of dead cells, as measured by the differ- 
ential staining method of Campbell, 
Dott, and Glover (6); motility; and 
oxygen consumption, expressed as Zog. 
Appropriate controls were kept in the 
dark. 

Table 1 is a summary of the results 
of three replicate experiments on con- 
tinuous illumination of the spermatozoa. 
These data indicate that exposure to 
light results in concomitant loss of mo- 


Table 1. Effect of light on spermatozoa suspended in various media. Light intensity, 300 
ft-ca. Values are averages for three replicate experiments. Temperature during exposure, 














26 +2 °C. ae 
Exposure Dead cells (%) Motility* Zoo 

time —— -—— — a — 
(hr) Light Dark Light Dark Light Dark 
ih Coconut-milk extender (10 x 10° to 15 x 10° cells/ml) 

24 50 32 0 3.0 0.4 5.34 

72 100 36 0 3.0 

Coconut-milk extender and catalase (10 mg%) (10x 10° to 15 x 10° cells/ml) 

24 36 2.0 

Coconut-milk extender (2 x 10° cells/ml) 
24 32 36 2.5 3.5 
1.0 3.0 0.0 3.5 


72 73 31 
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tility and decrease in respiration of the 
sperm, followed by death of the cells. 
Apparently, with a more concentrated 
suspension of cells, sensitization is pro- 
longed. The reason for this is not known 
at the present time. The protection af- 
forded by the addition of catalase to the 
medium indicates that a photochemical 
oxidation producing H,O, is occurring 
as a result of the radiation. 

In order that this phenomenon may 
be defined as photodynamic action, it 
is necessary that there be some fluores- 
cent substance present which can absorb 
radiant energy (7). The activated sen- 
sitizer transfers its energy to an accep- 
tor, presumably a cellular protein, which 
then undergoes oxidation. To determine 
the source of the photosensitive agent, 
the effect of light on spermatozoa sus- 
pended in various media was tested. 
Since these cells will not survive at room 
temperature for a prolonged period of 
time, except in coconut-milk extender, 
it was necessary to modify slightly the 
experimental design and expose the sam- 
ples to a higher light intensity (1400 
ft-ca) for a shorter time. The results are 
shown in Table 2. The data clearly re- 
veal that the photosensitive agent is not 
a constituent of any of the media tested 
or of the antibiotics which supplement 
them, although the latter may enhance 
the photochemical reaction. Comparison 
of Tables 1 and 2 indicates that the 
effect of radiation—presumably an oxi- 
dative process—is in accord with the 
Bunsen-Roscoe reciprocity law (7). Fur- 
ther, the effect is independent of tem- 
perature, as demonstrated by the results 
with the skim-milk diluent at 5°C. 
These are characteristics usually identi- 
fied with a photosensitized oxidation 
(7). 

On this basis, then, it can be con- 
cluded that there is a photosensitizer 
present within the sperm itself and that 
the radiation affects the cell directly. 
Calcutt (8), working with Paramecium, 
suggests that light has a direct action 
upon the test material, inducing a cellu- 
lar changé which facilities the photo- 
dynamic response. This phenomenon 
apparently involves cytoplasmic dam- 
age, as compared with the nuclear ef- 
fects of ultraviolet radiation (9). 

Cuartes NorMAN 
Erwin GOLDBERG 
Department of Biology, 
West Virginia University, Morgantown 
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Mechanism of Enzyme Inhibition 
by Phosphate Esters 


Abstract. A theory for the rapid specific 
reaction of certain phosphorous-contain- 
ing esters with many proteolytic enzymes 
based on the ability of phosphorous to 
form one additional bond relative to car- 
bon is presented. A stable tetrahedral 
phosphate ester is compared with a labile 
tetrahedral orthocarbony] ester and a rela- 
tively stable pentagonal enzyme-phosphate 
ester complex is compared with a pen- 
tagonal enzyme-carbonyl substrate com- 
plex. The latter complex is assumed to be 
the transition state in the enzyme-cata- 
lyzed reaction. If the theory is correct, it 
opens up the possibility of studying inter- 
mediates and transition states from the 
known structures of chemical inhibitors. 


The specific reaction of a group of or- 
ganic phosphate esters of the type 


O 


| 
R’ (RO) PX 


where R is an alkyl group and R’ an 
alkyl or alkoxy group, with a class of 


esterases and phosphoglucomutases has 
long been known. Some pertinent chem- 
ical facts concerning the inhibition re- 
action are: (i) The reaction products 
are the degraded fragment (X) and the 
enzyme, phosphorylated on the hydroxyl 
group of a serine residue (1). (ii) The 
reaction is stoichiometric with the num- 
ber of enzymatic sites and not with the 
total number of serine residues. (iii) The 
reaction proceeds with a high velocity 
with all the enzymes for which the stoi- 
chiometric relationship holds. (iv) The 
phosphorylated enzyme is catalytically 
inactive. 

The extreme velocity of the inhibition 
reaction contrasts with the rates of ho- 
mogeneous solution reactions of the phos- 
phate esters. Tetraethylpyrophosphate, 
for example, is remarkably stable in neu- 
tral aqueous solutions. Even di-isopro- 
pyl-phosphofluoridate is much more 
stable than acetic anhydride (2). None- 
theless, it reacts much more rapidly and 
specifically with suitable esterases. 

In this report we wish to suggest that 
the action of the phosphate esters dif- 
fers from that of most other enzyme 
inhibitors in that it is the unstable tran- 
sition state of the enzyme-substrate com- 
plex which is imitated by the inhibitor 
in one of its stable combinations with 
the enzyme. More frequently, it is as- 
sumed that inhibitor action is effected 
by imitation of either the substrate itself 
or a stable combination of substrate with 
enzyme. 

If our postulate is correct, one can 
understand why the side group specific- 
ity of the inhibitors is so different from 
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that of the natural substrates of the en- 
zyme. It is presumably hydrogen bond- 
ing and electrostatic interactions at or 
close to the ester linkage which makes 
the enzyme combine so much more 
strongly with the transition state than 
with the substrate, which in turn causes 
the lowering of the activation free en- 
ergy for reaction. Owing to the stability 
of phosphorous compounds with one 
more covalent bond than can occur in 
analogous carbon compounds, this larger 
interaction energy is available for bind- 
ing the inhibitor molecule. 

The structure of most phosphoric 
esters is of the kind 


O X 
ae 
P 


abies 
RO R’ 


This imitates rather closely the pre- 
sumed intermediate in the Sy, hydroly- 
sis of a related ester 


O B 
\ 7 
bie of 


Cc 
fo™ 
RO R’ 
where B is a basic group. On the other 
hand, covalency of 5 is quite common 
among phosphorus compounds, and a 
metastable intermediate 


O R’ 
wey A 
P_X 
Fd ~ 
RO G 


where G is a group from the enzyme, 
might also imitate quite closely the 
transition state for a Walden inversion, 
as is illustrated in the Fig. 1. 

A detailed discussion of the mecha- 
nism of esterase action has been given 
elsewhere (3). It should be clear 
that phosphorus esters are ideally suited 
to form stable structures corresponding 
both to the proposed enzyme-substrate 
tetrahedral complex and the pentagonal 
transition state for the reaction (4). If 
our speculations are correct, they may 
make possible the study of the geometry 
of the activated state by means of in- 
hibition studies (5). 

Sipnry A. BERNHARD* 
Lesur E. Orcert 
Hallett Hall, 
Boulder, Colorado 
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Immunization of Mice against 
Toxic Doses of Homologous 
Elementary Bodies of Trachoma 


Abstract. Death of mice occurs 2 to 8 
hours after intravenous inoculation of con- 
centrated viable elementary bodies of 
trachoma. Toxic death can be prevented 
by vaccinating the mice with concentrated 
suspensions of homologous strains inacti- 
vated by formalin or phenol. Judged by 
toxic challenges, at least two antigenically 
distinct types of elementary bodies of 
trachoma occur in Saudi Arabia and 
Egypt. 


The relationship of elementary body 
viruses to the classical syndrome tra- 
choma, although much disputed in the 
past, has been more firmly established 
by the recent findings of Tang et al. (1) 
and Collier et al. (2, 3). These reports 
indicate that several properties are 
shared by the elementary body viruses 
derived from conjunctival scrapings of 
trachoma cases in China and Gambia. 
Before attempts are made to prevent 
trachoma by immunization procedures, 
it is important to determine whether 
the strains of elementary bodies from 
different regions are all alike antigeni- 
cally or whether there are multiple types 
which are immunologically distinct from 
one another. Toxicity for mice was re- 
ported as a property of strain SA-1, iso- 
lated from a trachoma patient from 
Hofuf, Saudi Arabia (4). Subsequently 
several other strains from the Middle 
East have been found toxic for mice (5) 
and the phenomenon thus offers a possi- 
bility for comparison of different strains. 
Since the elementary bodies of trachoma 
share the heat-stable common antigen 
derived from _psittacosis-lymphogranu- 
loma viruses (2, 5), it should be noted 
that certain of the latter are also toxic 
for mice and that several antigenic and 
pathologic patterns have been reported 


(6, 7). 









Eight experiments were performed 
which ‘involved vaccination and subse- 
quent toxic challenges of white mice. 
The vaccines were prepared from yolk 
sacs of chick embryos which were har- 
vested approximately 7 days after infec- 
tion with the various strains. Vaccines 
and normal yolk sac control materials 
were administered intra-abdominally, 
and the mice were challenged at various 
intervals thereafter by the intravenous 
inoculation of viable suspensions of ele- 
mentary bodies adjusted in concentra- 
tion such that each mouse received one 
certainly fatal dose. There were two 
types of controls for the vaccines: (i) 
normal yolk sac suspensions, and (ii) 0.85 
percent NaCl solution. The vaccines and 
control solutions were given on the basis 
of 0.2 ml/10 g body weight of the mice. 
The strains of elementary bodies were 
SA-1, SA-2, SA-5, and Egypt-2, derived 
from trachoma patients in Saudi Arabia 
and Egypt (5). 

The suspensions for challenge and for 
vaccines were prepared as follows: chick 
embryos, after 6 to 8 days of incubation, 
were inoculated with infectious yolk 
sac suspensions in dosages adjusted to 
cause death of half the eggs about 7 
days later, when the yolk sacs of sur- 
viving embryos were harvested. The in- 
ocula consisted of material derived from 
the 5th to 10th egg passage levels of the 
different strains involved. The yolk sacs 
were thoroughly mixed mechanically 
and stored at — 60°C. Purification and 
concentration of the elementary bodies 
were accomplished by two cycles of 
centrifugation at +4°C; each cycle con- 
sisted of 1500 rev/min for 15 minutes to 
eliminate gross particles, followed by 
5000 rev/min for 60 minutes to reduce 
the amounts of protein and lipids. Ex- 
posure to celite (7) before the second 
cycle was begun was also included in the 
procedure. 

After the second high-speed run, the 
sediments were resuspended in one- 
fourth the volume of the original yolk 
sacs. If the material was to be used for 
challenge, the suspending material was 
sucrose PG (8). If the material was to 
be made into vaccine, the suspending 
medium was phosphate saline buffered 
to pH 7.2. The suspensions of elemen- 
tary bodies were shown to be toxic for 
white mice; they were then shell frozen 
and stored at — 60°C until ready for use. 
In the preparation of vaccines, the sus- 
pensions were thawed and mixed with 
an equal quantity of freshly prepared 
0.4 percent formalin, or 0.8 percent 
phenol, in buffered saline. One lot of 
SA-2 vaccine was extracted with ether; 
this extraction replaced the step involv- 
ing celite. After overnight storage at 
+4°C, each vaccine was shown to be 
free of bacteria by appropriate tests; the 
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presence of viable elementary bodies 
was ruled out by four successive nega- 
tive transfers in chick embryos. The con- 
trol materials from normal yolk sacs were 
prepared exactly as were those contain- 
ing infectious strains. The vaccines were 
diluted with sterile saline just before 
inoculation to make the concentration 
of the elementary bodies equivalent to 
the amount in 1.0 g of yolk sac at the 
time of harvest; the final concentration 
of the inactivating reagents in the dif- 
ferent batches was thus reduced, in the 
case of formalin, to 0.1 percent, and in 
the case of phenol, to 0.2 percent. On 
the basis of parallel titrations, it was 
estimated that each gram of infected 
yolk sac at the time of harvest contained 
approximately 12 fatal toxic doses for 
mice, or 10® infectious doses for chick 
embryos. 

Preliminary experiments were _per- 
formed with a formalin-inactivated vac- 
cine of 10 percent yolk sac prepared by 
simple ether extraction; the challenge 
was a crude suspension of toxic yolk sac 
in sucrose PG. The concentration of ele- 
mentary bodies in the vaccine was in- 
adequate under such circumstances to 
provide immunity against toxic chal- 
lenge. Furthermore, in the interval from 
10 to 55 minutes after inoculation of the 
challenge, many of the mice died with 
signs of anaphylaxis. Although purifica- 
tion and concentration of the challenge 
material reduced the numbers of mice 
which succumbed in anaphylaxis, the 
phenomenon continued to be important 
in the experiments, since 57 vaccinated 
mice died of anaphylaxis, out of the 
total number challenged, 217, The 
deaths were scattered through all the 
different groups except the saline con- 
trols. 

Among the mice which were given 
normal yolk sac suspensions as a con- 
trol vaccine, there were 29 anaphylactic 
deaths in the course of the subsequent 
toxic challenge out of the total of 88 
challenged. Just preceding anaphylactic 
death the mice had labored, gasping 
respiration, often accompanied by blood- 
tinged nasal discharge. At autopsy the 
lungs were distended and the cut sur- 
faces showed frothy exudate. Anaphy- 
lactic death did not occur in any of the 
35 mice in the saline control groups 
which were challenged in the same ex- 
periments. Thus the anaphylactic deaths, 
in the interval from 10 to 55 minutes 
after challenge, were easily distinguish- 
able from the deaths due to toxic prop- 
erties of the elementary bodies. The lat- 
ter regularly occurred from 2 to 8 hours 
after challenge, without attendant signs 
of respiratory distress; the characteristic 
feature post mortem was the hemor- 
thagic appearance of the upper small 
intestine. In the report below, the ana- 
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Table 1. Immunization of mice against toxic challenge. Ratios, survivors to total (see 


text regarding anaphylactic deaths). Summary of eight experiments. 

















Two 
Vaccinati hedul Gores, Three doses, 0*, 7, and 21 days 
accination schedule 0* and 7 9 U's fs y 
days 
17th 28th, Total 
Day of challenge : “ ? «28th, 29th 30th 30th 
Challenge strain ; “% 29th SA-5 Eg-2 SA-1 Homol- Heter- 
“2 SA-2 ogous ologous 
Vaccine 7 b 
SA-2 formalin 6/11 18/21 0/10 0/9 = 18/21 0/19 
SA-2 phenol 4/7 5/5 5/5 
SA-2 ether and formalin 5/10 3/3 3/3 
Total 15/28 26/29 26/29 0/19 
SA-1 formalin 0/15 4/5 0/3 0/3 4/20 
SA-5 formalin 1/7 7/7 0/10 0/8 7/7 1/25 
Eg-2 formalin 0/3 220.3 29 3/5 7/7 10/18 
Total 14/17 15/63 
Control 
Normal yolk sac, formalin 0/11 0/14 0/6 0/4 0/24 
Normal yolk sac, phenol 0/10 0/6 0/6 
Saline only 0/11 1/18 1/8 0/9 0/9 2/44 
Totals 0/32 2/74 
* Mice were weaned approximately 3 weeks after birth. ‘‘Zero day”? indicates the beginning of the tests, 


which occurred within 1 day of weaning. 
+ Summary of results of experiments 1 and 2. 
~ Summary of results of experiments 3, 4, and 5. 


phylactic deaths have been eliminated 
from the tabulations. 

The data from eight different experi- 
ments are assembled in Table 1. Ap- 
proximately half of the mice (15 of 28) 
which received two doses of the SA-2 
vaccines were immune to the lethal toxic 
dose of SA-2 elementary bodies; after a 
third dose of vaccine at 21 days the sur- 
vival rate was considerably higher (26 
of 29). The data further suggest that 
there was no important difference be- 
tween the SA-2 vaccines prepared with 
formalin, phenol, or ether extraction 
plus formalin. Formalin-inactivated vac- 
cines of SA-1, SA-5, and Egypt-2 did 
not protect against SA-2 challenge. 

When the other strains were used for 
challenge, none the the SA-2 vaccinated 
mice was protected (no survivors of 19 
challenged). Vaccine prepared from 
Egypt-2 gave partial protection against 
toxic challenges of SA-5 and SA-1, and 
complete protection against Egypt-2. 
The results suggest that there may be 
an antigenic overlap among the strains 
SA-1, SA-5, and Egypt-2. The controls 
were satisfactory, there being only 2 sur- 
vivors out of 106 challenged. 

These experiments indicate that it is 
possible to protect mice against toxic 
death by three doses of concentrated 
suspensions of homologous trachoma ele- 
mentary bodies, inactivated by formalin 
or phenol. Although the tests were com- 
plicated by anaphylactic phenomena, the 


method can be applied to one of the 
major problems in research on trachoma, 
namely, to determine how many differ- 
ent antigenic types or groups of elemen- 
tary body viruses are involved in the 
etiology of clinical trachoma. Our find- 
ings suggest that there are at least two 
types currently prevalent in Saudi Arabia 
and Egypt (/0). 
SAMUEL D. BELL, Jr. 
Joun C. SNYDER 
Epwarp S. Murray 
Department of Microbiology, 
Harvard School of Public Health, 
Boston, Massachusetts 
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Sublimation Freeze-Drying 
without Vacuum 


Abstract. Analysis of the freeze-drying 
procedure shows that the passage of water 
vapor from the drying boundary through 
the dried shell is facilitated primarily by 
the vapor pressure gradient rather than by 
the absolute pressure of the system. This 
is experimentally confirmed, and a device 
for freeze-drying at atmospheric pressure 
is described. 


The conventional freeze-drying appa- 
ratus embodies a specimen chamber 
with some means of maintaining con- 
stant specimen temperature, a pumping 
system to produce a high vacuum in the 
specimen chamber, and either a cold 
trap or a desiccant to remove water 
vapor evolved from the specimen. The 
maintenance of a predetermined speci- 
men temperature is necessary to insure 
that the specimen receives sufficient 
heat to support sublimation but that its 
temperature does not rise sufficiently to 
permit ice-crystal growth or even melt- 
ing. The purpose of the cold trap or 
desiccant is to remove from the system 
water vapor released by the specimen 
and to prevent the condensation of water 
in the vacuum pump. However, the func- 
tion of the high vacuum is not as self- 
evident as it might at first appear to be, 
and studies of the mechanism of freeze- 
drying have led us to means by which 
the vacuum system may be altogether 
eliminated. 

When a biological specimen freezes, 
most of the water is removed from solu- 
tion and isolated in ice crystals, the size 
of which depends on the rate of freez- 
ing. The purpose of subsequent freeze- 
drying is to remove the water from these 
crystals without permitting further 
changes in the specimen. The rate at 
which water molecules leave the crystal 
is dependent solely on their tempera- 
ture. The proportion which return to the 
crystal depends on the concentration of 
the surrounding vapor. The net removal 
of water from the crystal thus depends 
on the effectiveness with which vapor is 
prevented from returning to the crystal. 

There are two major obstacles to the 
removal of water vapor: the resistance 
of the already dried shell of the speci- 
men and any impediment to the trans- 
fer of vapor molecules from the speci- 
men surface to the vapor trap. Both 
theoretically (J), and as shown by the 
experiments described below, the resist- 
ance to diffusion created by the dried 
specimen shell is very great—so great, 
in fact, that the presence or absence of 
gas molecules in the spaces vacated by 
ice crystals is of secondary importance. 
The factors determining the rate of dif- 
fusion of water vapor through this shell 
are then, (i) rate of vapor production 
(specimen temperature), (ii) resistance 
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of the dried layer, and (iii) water-vapor 
pressure at the specimen surface. Since 
specimen temperature and size are fixed 
by other considerations, the primary 
goal in freeze-drying is the efficient re- 
moval of water vapor from the specimen 
surface. 

In a system employing a cold trap or 
desiccant, the purpose of the vacuum 
is to facilitate the passage of water 
vapor from the specimen surface to the 
trap by reducing the number of gas col- 
lisions made en route. Ideally, the trap 
should surround the specimen, and the 
mean free path should be long enough 
so that most vapor molecules can travel 
directly to the trap without collision. 
Since the rate of passage of water vapor 


oo 























presse! 
m 
a 
AG 
oe) 


dex 











YY 




















Fig. 1. Device for freeze-drying at atmos- 
pheric pressure. 





through the dried specimen shell is con- 
trolled primarily by water-vapor pres- 
sure at the surface of the specimen 
rather than by total gas pressure, prompt 
removal of water vapor once it reaches 
the specimen surface is mandatory for 
efficient drying. The vacuum system is 
useful only to facilitate the transfer of 
vapor to a vapor trap. 

From the foregoing discussion it is 
clear that any means of removing water 
vapor from the specimen surface should 
be nearly as satisfactory as the high- 
vacuum approach. To this end we have 
employed dry air blown past the speci- 
men to sweep away water-vapor mole- 
cules as they reach the surface of the 
specimen. A similar approach has been 
reported by Treffenberg (2), who em- 
ployed a slow transfer through the speci- 
men chamber but in conjunction with 
reduced pressure. At atmospheric pres- 
sure efficiency of the system is improved 
by increasing the rate of air transfer past 
the specimen to reduce the thickness of 
the boundary layer, which will be rich 
in water vapor. 

The apparatus employed is a recircu- 
lating system in which air is blown se- 
quentially through a desiccant and across 
the specimen. The details of construc- 
tion are shown in Fig. 1. The apparatus 
is basically a cylinder with a tube run- 
ning down its center. The specimen is 
located in a basket G, inserted through 
a port into the central tube. After inser- 
tion the system is sealed by stopper H. 
A conventional squirrel-cage blower E 
draws air through the central tube past 
the specimen and back through the 
desiccant D, which fills the annular 
space surrounding the central tube. The 
motor M drives the blower through a 
sealed bearing N so that the entire sys- 
tem, once assembled, is completely air- 
tight. The desiccant, retained by screens 
at C and B, is a material of very low 
vapor pressure and high water capacity, 
properties essential for this purpose (3). 
The apparatus can either be placed in a 
cold chamber or wrapped with tubing 
and cooled by a conventional refrigera- 
tion system. A thermocouple at F per- 
mits accurate control of air temperature. 

Our standard specimen for the evalu- 
ation of freeze-drying techniques is a 
cube of mouse kidney measuring 2 mm 
on a side, fresh-frozen by immersion in 
liquid propane at — 195°C and dried at 
~ 30°C. A higher temperature of drying 
permits excessive ice-crystal growth, 
which impairs the histological integrity 
of the specimen, From our experience 
and that of others (4), such a specimen 
requires a minimum of 6 hours’ drying 
time in an efficiently designed vacuum 
freeze-drying system; a shorter period 
of time leaves the specimen undried at 
the center. Standard specimens desic- 
cated in the dry-air device described 
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above can be dried in 8 hours. Follow- 
ing this drying period the specimen is 
removed to a vacuum chamber for em- 
bedding in paraffin. The quality of the 
results, in terms of histological detail, 
appears equivalent to that of results ob- 
tained by the conventional vacuum 
freeze-drying approach. The efficiency of 
this method compares favorably with 
the best reported vacuum freeze-drying 
and is substantially superior to that of 
devices which do not have the cold trap 
in line of sight from the specimen. 

The mechanical simplicity achieved 
through elimination of vacuum pumps 
and use of a vacuum-tight system is con- 
siderable. An additional advantage of 
this approach, however, appears to be 
in situations where a number of speci- 
mens are to be dried simultaneously, 
where the many specimens and _ their 
supports constitute physical obstacles 
which diminish the effectiveness of the 
vacuum system by preventing straight- 
line passage of vapor to the trap. Above 
all, these experiments (5) confirm the 
supposition that passage of vapor 
through the dried specimen shell is pri- 
marily a matter of vapor pressure gradi- 
ent rather than of total pressure in the 
system. 

H. T. MeryMAn 
Biophysics Division, Naval Medical 
Research Institute, National Naval 
Medical Center, Bethesda, Maryland 
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Photodynamic Inactivation of 
Monkey Kidney Cell Monolayers 


Abstract. Monkey kidney cell monolay- 
tts exposed to white light in the presence 
of neutral red (1:40,000) undergo degen- 
eration within 24 hours after exposure. 

This communication concerns the 
eect of white light on monkey kidney 
cell monolayer cultures in the presence 
of the vital stain neutral red. In the 
course of attempts to photoreactivate 
ultraviolet-light-inactivated monkey kid- 
ney cell monolayers grown in 100-mm 
petri dishes, it was observed that unir- 
radiated monolayers, when exposed to 
white light in the presence of the vital 
stain neutral red (1:40,000), degenerate 
within 24 hours after exposure. Similar 
plates exposed to the same light for the 
same time period, but in the absence of 
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Table 1. Tissue degeneration with various 
dyes applied to the culture. 





Tissue degeneration* 








Time 
of ex- r Neutral Trypan Mcihy'ene 
a red 1 b' 
pos ure re tue > ue 
(min) Y€ (1:40,000) (1:10,000) (1:10,000) 
0 0 0 0 0 
2.5 0 0 + ; 
5.0 0 0 + s 
10 0 1 0 0 
20 0 2 Sg 7 
30 0 4 0 0 
60 0 4 0 0 
90 0 4 ; ; 


Light filtered through trypan blue 
60 
Light filtered through methylene blue 
60 + 
Light filtered through neutral red 
60 0 


* Degeneration: 100 percent, 4; 50 to 75 percent, 
3; 0 to 25 percent, 1; none, 0. 
+ Not determined. 





the neutral red, showed no ill effects 
from the exposure. Neutral red applied 
to the cells after exposure to the white 
light did not produce cell degeneration 
and was picked up by the cytoplasm as 
in unexposed cells. If the light was first 
passed through a solution of neutral red 
(1:40,000), the particular wavelengths 
of light responsible for the damage were 
filtered out, and damage to the cells was 
prevented. However, when methylene 
blue (1:10,000) or trypan blue (1:10,- 
000) were used as filters, damage occurred 
as it did with unfiltered white light. The 
results are summarized in Table 1. 

The source of the white light was a 
bank of three 20-watt fluorescent bulbs 
at a distance of 15 cm. The light was 
filtered through a 3-cm solution of 
1-percent copper chloride, and the tem- 
perature of the air above the solution 
did not rise above 38° to 39°C. 

It is suggested that perhaps one cause 
for the occasional degeneration of mon- 
key kidney monolayers or for the loss in 
plaque count (1) seen after the addi- 
tion of the nutrient-agar—neutral-red 
mixture used in the Dulbecco Plaque 
Technique is inadvertent exposure to 
white light. It is evident from these find- 
ings that in the presence of neutral red, 
the exposure of the tissue to white light 
should be kept to a minimm. 

S. Wayne Kiein* 
Sot H. Goopcart 
Departments of Microbiology, and 
Biochemistry, Johns Hopkins University 
School of Hygiene, and 
Public Health, Baltimore, Maryland 
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Effects of Differential Infantile 
Handling upon Weight Gain and 
Mortality in the Rat and Mouse 


Abstract. Animals were handled during 
ages 1 to 10, 11 to 20, or 1 to 20 days, or 
were nonhandled controls. Animals han- 
dled for 20 days weighed the most in 
adulthood, while the controls weighed the 
least. Animals handled on days 1 to 10 
survived food and water deprivation the 
longest of any group. Mice handled for 
20 days died earlier than controls, while 
the reverse was true for the rat. 


The general procedure followed in 
studying the effects of infantile experi- 
ence upon adult behavior has been to 
stimulate the organism from birth until 
weaning and then test for effects of the 
stimulation later in life. Since the rat 
and mouse undergo tremendous devel- 
opmental changes during the pre-wean- 
ing period, it is likely that the same 
stimulation affects the organisms differ- 
ently at different developmental stages. 
This is suggested by Scott’s critical pe- 
riod hypothesis (1) and by the work of 
Levine and Lewis (2). Therefore, if ani- 
mals are stimulated only during certain 
parts of the pre-weaning period, the 
stimulation may interact with matura- 
tional processes which are at different 
stages of development to differentially 
modify adult behavior. 

Complete litters of rats descended 
from the Harvard Wistar strain, and 
C57BL/10Sc mice were randomly as- 
signed to one of the following infantile 
experience groups: handled on days 1 to 
10, handled on days 11 to 20, handled 
on days 1 to 20, and nonhandled con- 
trols (3). At least two litters were used 
per experimental treatment. Handling 
consisted of removing the pups from the 
home cage, placing them in a container 
(a 1-gal can filled with sawdust for the 
rat, and a wooden mouse box for the 
mouse) where they remained for 3 min- 
utes, and then returning them to the 
home cage. This procedure was followed 
once daily on the appropriate days. All 
animals were weaned at 21 days and 
reared thereafter with like-sexed mem- 
bers of their own litter in small groups. 
Food and water were always available. 
At 69 days the rats were weighed and 
placed on total food and water depriva- 
tion in individual cages. The same was 
done with the mice at 54 days. All ani- 
mals had received 10 days of testing of 
avoidance learning just prior to this. 
Hours until death occurred were re- 
corded. 

The group means for weight and mor- 
tality for both species are presented in 
Table 1. The data were analyzed in a 
2x2 factorial design: presence or ab- 
sence of handling on days 1 to 10 was 
one factor, while presence or absence 
of handling on days 11 to 20 was the 








Table 1. Mean weight (in grams) and 
survival time (in hours) for the rat and 
mouse as a function of infantile handling. 








ee ’ Sur- _No. of 
iidth Weight vival ani- 
hein’ time mals 
Rat 
None 166.79 173.50 16 
1 to 10 191.33 229.58 12 
11 to 20 176.77 223.92 13 
1 to 20 194,12 199.60 15 
Mouse 

None 17.14 90.47 17 
1 to 10 18.81 95.00 10 
11 to 20 19.22 90.31 16 
1 to 20 19.87 





72.83 12 


second factor. This analysis permits the 
evaluation of the interaction between 
the two factors. 

Weight. For both species a monotonic 
relationship is found between amount of 
handling in infancy and weight in later 
life. The animals handled for 20 days 
were the heaviest, while the controls 
were the lightest. Tests of significance 
showed that rats handled during the first 
10 days of life (groups handled on days 
1 to 10 and 1 to 20) weighed signifi- 
cantly more than the two groups not 
handled at this time (P< .05). The 
same finding was obtained with the 
mouse (P < .01). In addition, the pres- 
ence of handling during the second 10 
days of life also led to a significant in- 
crease in body weight for the mouse 
(P <.01). In neither species was the 
interaction significant (F < 1.0 in both 
analyses). We conclude, therefore, that 
for both species the effects of handling 
during the first and second 10 days of 
life affect later body weight in an addi- 
tive manner, with the presence of han- 
dling during the first 10 days bringing 
about a significant weight gain. 

Mortality. For both species a non- 
monotonic relationship is found between 
amount of handling in infancy and num- 
ber of hours of survival in later life. For 
both the rat and mouse the interaction 
between presence or absence of handling 
during the first and second 10 days is 
significant beyond the .01 level. Inspec- 
tion of Table 1 indicates that the reason 
for the significant interaction is that the 
animals which were handled on days 1 
to 10 lived the longest, while those han- 
dled on days 1 to 20 died quite early. 
A test for trend, using the control group, 
the group handled on days 1 to 10, and 
the group handled on days 1 to 20, 
showed a significant quadratic (curvi- 
linear) function beyond the .01 level for 
both species. We conclude, therefore, that 
handling during days 1 to 10 will lead 
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to longer survival under total food and 
water deprivation but that lack of han- 
dling or prolonged handling will reduce 
survival time. 

As one of us has reported elsewhere 
(4), the mouse data may be biased be- 
cause of significantly differential “spon- 
taneous” deaths which occurred between 
ages 28 and 35 days. That this is not a 
major bias is shown by a recent study 
by Levine and Cohen (5), who handled 
DBA/2 mice for the first 24 days of life 
and then injected leukemia virus into 
the experimental animals and nonhan- 
dled controls at about 50 days. They 
found that their handled mice died sig- 
nificantly earlier than the controls, which 
is consistent with our findings that the 
mice handled on days 1 to 20 died earlier 
than control mice. Our data for rats are 
also consistent with the findings of Le- 
vine and Otis (6), who reported a sig- 
nificantly lower proportion of deaths for 
rats handled for the first 20 days of life 
than for controls when both groups were 
placed on 120 hours of food and water 
deprivation. 

Thus we see that when mice and rats 
are given 20 or more days of infantile 
handling the rats will survive longer than 
their controls while the reverse is true 
for the mice, It appears, therefore, that 
the same physical stimulation has a more 
severe effect upon the mouse. Though 
these two species differ in many respects, 
one of the outstanding differences be- 
tween the C57BL/10Sc mouse and the 
albino rat is that the mouse is a more 
rapidly developing organism. This sug- 
gests the hypothesis that the more rapid 
an organism’s development, the greater 
the effect of infantile experience. In ad- 
dition to incorporating our data as well 
as the findings of Levine and Otis and 
Levine and Cohen, this hypothesis also 
accounts for the findings of King and 
Eleftheriou (7), who studied the effects 
of infantile stimulation upon two sub- 
species of the deer mouse, Peromyscus 
maniculatus. They found that P. mani- 
culatus bairdii, a rapidly maturing or- 
ganism, was deleteriously affected by the 
infantile stimulation, while P. manicu- 
latus gracilis, a slowly maturing organ- 
ism, was facilitated by the identical 
stimulation, as measured by behavioral 
tests of activity and learning, and by 
adrenal weights. Since a more rapidly 
maturing organism may have a shorter 
infantile period, the use of developmen- 
tal indices such as eye opening may be 
a more appropriate basis for the admin- 
istration of stimulation than the use of 
absolute age. 

The mechanisms underlying these phe- 
nomena are as yet unknown. However, 
it is apparent that body weight is not 
related to survival time in any simple 
manner. It is also apparent that there 
is more similarity between the weight 





data for the rat and mouse than between 
the survival results. Denenberg has sug- 
gested (4) that the effect of infantile 
handling is to stress the organism, and 
this stress acts to reduce the animal’s 
responsiveness to later stressing agents. 
The greater the magnitude or duration 
of the infantile stress, the greater is the 
reduction in responsiveness. The initial 
effect of reducing responsiveness to stress 
is to bring about a facilitation in _per- 
formance (for example, through reduc- 
ing emotionality), while prolongation of 
the infantile experience results in an or- 
ganism which exhibits impaired perform- 
ance. Within each species the present re- 
sults are consistent with this hypothe- 
sis, but it is apparent that the age dur- 
ing which the organism is stimulated is 
another critical parameter. When mak- 
ing comparison across species, develop- 
mental rates, and probably other param- 
eters, must be considered. 

Victor H. DENENBERG 

GeorcE G. Karas* 

Department of Psychology, 
Purdue University, Lafayette, Indiana 
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Procedure for Studying Olfactory 
Discrimination in Pigeons 


Abstract. A discrimination, based on 
olfactory stimuli, was established in two 
pigeons by an operant conditioning pro- 
cedure. Results from control sessions dem- 
onstrate that the discrimination can be 
attributed only to the presence or ab- 
sence of olfactory stimuli. 


Experiments designed to determine 
whether birds possess a sense of smell 
have had equivocal results. Some work- 
ers have reported that birds are able to 
make precise olfactory discriminations, 
while others have found that birds fail 
completely in discriminating the pres- 
ence of olfactory stimuli (/). Procedural 
difficulties and artifacts have marred the 
many experimental procedures that have 
been used by these workers. An experi- 
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Fig. 1. View of front wall of the experi- 
mental chamber. All structures shown 
with broken lines are inside the cylinder. 
(See text. ) 


ment in which a standard training pro- 
cedure is adapted for establishing dis- 
criminations based on olfactory stimuli 

2) is described in this report. 

The experimental chamber is a modi- 
fied picnic icebox (3). Mounted on the 
left side of the front wall (see Fig. 1) 
isan aluminum cylinder with a circular 
opening A, which gives the bird access 
to two Plexiglas discs, Nos. 1 and 2 in 
the figure. These discs, here referred to 
as keys, are transilluminated by two 
6-watt lamps, (key No. 1, with blue; 
key No. 2, with red) mounted behind 
the front wall. An opening B to a grain 
feeder is below these keys. A copper fit- 
ting C is mounted on the roof of the 
cylinder and is connected to a network 
of glass tubing through which a con- 
trolled stream of air can be passed. The 
apparatus used to deliver the olfactory 
stimulus is similar in type to that re- 
ported by Pfaffmann et al. (4), except 
that electric valves are used instead of 
stopcocks. A second copper fitting D 
is mounted on the floor of the cylinder 
and is connected to an exhaust pump 
that operates continuously during each 
experimental session. Two 6-watt lamps, 
E, illuminate the inside of the cylinder. 
A third key, No. 3, is mounted on the 
front wall outside the cylinder and is 
transilluminated by a yellow light. A 
l-watt white lamp illuminates the 
chamber outside the cylinder. Four ex- 
haust blowers are mounted on the walls 
of the chamber. The chamber and cylin- 
der floors are covered with activated 
charcoal to trap lingering odors. A 
white” masking noise is present through- 
out all sessions. 

A trial begins with the illumination 
ofboth key No. 3 and the 15-watt lamp. 
A response (a peck) on this key initiates 
the flow of air into the cylinder through 
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C. Nine seconds after this first peck, an- 
other peck turns off all the lights out- 
side the cylinder and causes the interior 
of the cylinder to be illuminated. If the 
air stream is carrying an odor, the bird 
is rewarded with food for pecking seven 
times on key No. 1. Four pecks on key 
No. 2—that is, four incorrect responses 
—terminates the trial, and the pigeon 
receives no reward. If the air stream 
does not contain an odor, seven pecks 
on key No. 2 reward the animal with 
food, whereas four pecks on key No. 1 
end the trial, without reward. 

The odor and no-odor conditions are 
presented randomly from trial to trial, 
except that a correction procedure is 
always followed. When a trial terminates 
because the pigeon has made four pecks 
on the incorrect key, the same stimulus 
conditions are presented again during 
the next trial. The conditions may 
change only after seven pecks on the 
correct key have occurred in one trial. 
This procedure for changing the stimu- 
lus conditions prevents perseverative re- 
sponding, which would otherwise reward 
responding on a single key 50 percent 
of the time. 

Two male white Carneaux pigeons, 
maintained at 80 percent of their free- 
feeding body weights, undergo 50 trials 
in each session. Every trial, whether it 
ends in food reward or not, is followed 
by a 1-minute period when all lights are 
out. During this time, all exhaust fans 
operate and the odor-delivery system is 
cleaned. 

Figure 2 shows the mean number of 
correct trials out of 50 for birds Nos. 
264 and 263 under different conditions. 
Bar A shows the results for seven sessions 
in which sec-butyl acetate and distilled 
water were used as the odor and no-odor 
stimuli. The former has a strong odor 
and is also a trigeminal nerve irritant; 
it was used to maximize the likelihood 
that a discrimination would be estab- 
lished. After the discrimination had been 
established, a different odorant was used 
—isooctane, a substance with minimal 
irritating effects (5). Bar B shows the 
mean number of correct trials for 11 ses- 
sions in which isooctane was used as the 
stimulus. 

Since there remains a possibility that 
some peculiarity of the delivery system, 
such as a difference in noise or pressure 
between the odor and the no-odor con- 
ditions, acted as a stimulus, a control 
session was set up for each bird. In the 
control session for bird No. 264, both the 
saturators in the delivery system were 
filled with distilled water. When air 
passed through the saturator that for- 
merly contained isooctane, seven pecks 
by bird No. 264 on key No. 2 produced 
the food reward. For bird No. 263, both 
saturators were filled with isooctane. 
When air passed through the saturator 
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Fig. 2. Mean number of correct trials out 
of 50 trials for birds Nos. 264 and 263 
under different experimental conditions. 
Bar A, trials with sec-butyl acetate (mean 
of seven sessions) ; bar B, trials with iso- 
octane (mean of 11 sessions); bar C, 
control session; bar D, post-control ses- 
sions (mean of 32 sessions). 


that formerly contained distilled water, 
seven pecks on key No. 1 produced the 
food reward. No other procedural 
changes were made. 

If the discrimination established with 
isooctane as the odorant was due to 
some artifact in the procedure, these 
changes would not have altered the 
number of correct trials during the con- 
trol as opposed to previous experimental 
sessions. 

The results of the control session (bar 
C) demonstrates that this is not the 
case. The fact that the performance 
drops far below the level maintained 
under the original conditions is evidence 
that pigeons can respond differentially 
to the presence or absence of an odorous 
substance. Following the control session, 
further trials were run with isooctane, 
under the conditions described above. 
Bar D, based on 32 sessions, shows that 
the mean number of correct trials re- 
turned to approximately the precontrol 
level for both birds. 

Wo rcanc J. MIcHELSEN 
Harvard University, 
Cambridge, Massachusetts 
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Association Affairs 


AAAS Finances: Report for 1958 


The 1958 income of the American 
Association for the Advancement of Sci- 
ence for normal and continuing operat- 
ing expenses amounted to $992,504.03. 
This amount was divided as follows: 


Annual dues paid by mem- 
bers $422,080.96 
Money transferred from In- 
vestment Account to pay 
for subscriptions for emer- 


itus and life members 6,036.00 
Subscriptions to Science by 

nonmembers 69,878.10 
Sales of single copies and 

back issues 4,584.40 
Advertising in Science 328,637.60 
Sales of symposium volumes 30,637.00 
Annual meeting:  registra- 

tion fees, exposition space, 

advertising in program, and 

contributions 42,257.92 
Income from investment of 

funds not needed in check- 

ing account 14,365.18 


Rental income from third 
floor and garage 
Allowance for expenses in- 


20,213.68 


curred in administering 

grants 44,562.16 
Miscellaneous receipts 9,251.03 
Total $992,504.03 


These receipts amounted to $37,376.79 
more than the operating expenses. The 
chief items of expense were: 


Printing and editing Science $551,747.50 
Cost of selling advertising 


in Science 82,194.66 
Printing and editing sym- 
posium volumes 8,445.09 


Expenses of the annual meet- 
ing 43,861.31 
Allowances ($1 per mem- 
ber) to Pacific, Southwest- 
ern and Rocky Mountain, 


and Alaska divisions 8,787,00 
Expenses of AAAS sections 4,607.85 
Board of Directors’ meetings 5,133.52 
Meetings of committees 4,065.34 
Administrative and general 

expense 45,416.62 
Business office, salaries, and 

other expenses 98,724.30 
Circularization of new mem- 

bers (exclusive of salaries) 12,279.78 
Building maintenance 36,643.85 
Real estate taxes 12,908.52 
Depreciation allowance on 

building 23,519.16 
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Depreciation allowance on 


equipment 7,220.91 
Miscellaneous other expenses 9,571.83 
Total $955,127.24 


In addition to the excess of income 
over expense of $37,376.79, endowment 
funds increased by $20,406.43, and the 
Association set aside, as is shown in the 
figures given above, $30,740.07 for de- 
preciation of building and equipment. 


Comparison of 1958 with 1957 


Receipts in 1958 were $156,787.90 
greater than in 1957. The two major 
differences were an increase of approxi- 
mately $90,000 in annual dues—attrib- 
utable primarily to the fact that dues 
were increased at the beginning of 1958 
from $6.50 a year to $8.50 a year—and 
an increase of approximately $64,000 in 
advertising revenue. 

Expenses for 1958 exceeded those of 
1957 by $130,719.21. The largest differ- 
ence was the greater cost of distributing 
Science to all Association members in 
1958 over the cost in 1957 of sending 
Science to some members and The Sci- 
entific Monthly to others. 


Grants Administered during 1958 


Funds from grants received during 
1958 or held over from earlier years 
amounted to $662,409.80. Grant funds 
expended during the year amounted to 
$572,658.38, leaving an unexpended bal- 
ance to carry over into 1959 of $89,- 
751.42. 

The largest amount was for the Trav- 
eling High School Science Libraries ad- 
ministered by the AAAS and supported 
by funds from the National Science 
Foundation. The amount available dur- 
ing the year was $443,925.60, and the 
amount expended, $433,053.09, leaving 
an unexpended balance of $10,872.51. 

The next largest grant was from the 
Carnegie Corporation for the Science 
Teaching Improvement Program. Dur- 
ing 1958 the Association received the 
first third of a second three-year grant 
to support this program. The initial 
grant was for $300,000, received in equal 
amounts in 1955, 1956, and 1957. In 
1958 the Carnegie Corporation made 
an additional grant of $250,000 to con- 
tinue this program. Of this amount, 
$83,334. was received in 1958. That 


amount, plus carry-over from 1957, pro- 
vided a budget of $155,340.50, of which 
$72,466.50 was expended. 

Smaller grants were received during 
1958, or money was held over from 
1957, for a variety of other programs, 
some of which were completed during 
1958, others of which have continued 
into 1959. 

From the Rockefeller Foundation and 
the Sloan Foundation, the Association 
received $17,856.91 to cover the costs 
of the Parliament of Science held by the 
Association in March 1958. This amount 
exactly balanced the cost. 

The Carnegie Corporation provided 
$12,000 for simultaneous conferences on 
the testing and the guidance of students. 
Reports of the conferences consisted of 
recommendations for the establishment 
of testing and guidance programs in 
schools, and were prepared in anticipa- 
tion of the enactment of the National 
Defense Education Act of 1958. Of this 
grant, the Association held a balance at 
the end of the year of $788.80. This 
amount was returned to the Carnegie 
Corporation in 1959. 

The Rockefeller Foundation provided 
$9000 for a study of the attitudes of stu- 
dents toward scientists and careers in 
science. The study, being conducted by 
Margaret Mead and Rhoda Metraux, 
held a balance at the end of the year of 
$6916.02. 

The Ford Foundation and _ other 
sources provided $8822.67, the exact cost 
of a series of meetings of a panel that 
prepared a report on the role of the be- 
havioral sciences, “National Support for 
Behavioral Science.” 

From the National Science Founda- 
tion the Association received a grant of 
$4000 to pay the expenses of lecturers 
appearing on the lecture series jointly 
sponsored by the Association and _ the 
NSF. At the end of the year the balance 
was $2932.69. 

The Association received, during 1958, 
$1200 as the first two contributions to- 
ward the expenses of the First Interna- 
tional Oceanographic Congress, which 
has just been held in New York from 30 
August through 11 September under the 
joint auspices of UNESCO, the Special 
Committee on Oceanic Research of 
the International Council of Scientific 
Unions, and the AAAS. 

At the beginning of 1958 there re- 
mained a balance of $2880.86 of a grant 
from the General Electric Educational 
and Charitable Fund to provide for the 
expenses of regional consultants working 
under the Science Teaching Improve- 
ment Program. The whole amount was 
spent during the year. 

At the beginning of 1958 the Asso- 
ciation held a balance of $2668.49 from 
a grant from the Ford Foundation to 
help pay the expenses of a study of pro- 
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______ Kodak reports on: 


why the radiologists, cardiologists, urologists, internists, laryngologists, and neurosurgeons 
got together... a biochemical reagent and metabolic inhibitor that transforms Salmonella... 
a method for forecasting titanic stress in fine detail... 


Cinefluorography 

On the other side of town, on No- 
vember 14 and 15 of last year, there 
was held the First Annual Symposium 
on Cinefluorography of the Univer- 
sity of Rochester School of Medicine 
and Dentistry. 

To the masses, many of whom may 
live longer or at least enjoy them- 
selves more than if this conclave had 
never convened, it would have been 
mildly interesting to know that x-ray 
movies of the innards in action had 
so far advanced from a stunt (for TV 
science programs) to a diagnostic 
routine as to make it a subject for a 
convention. Very mildly interesting, 
on a November Saturday which al- 
ready offered the intellectual chal- 
lenge of picking point spreads for 
the football games. 

To the 150-odd ambitious, clear- 
eyed radiologists, cardiologists, urol- 
ogists, internists, laryngologists, and 
neurosurgeons who came from all 
over, it was far, far more than a 
chance to flee the daily hurly-burly 
for an unequivocally tax-deductible 
weekend. At this time and place 
began the process of shaping into 
standard working technique all the 
individual improvisations, frustra- 
tions, and foolish pioneer feelings ex- 
perienced late at night in deserted 
laboratories by medical men coping 
with electronics, optics, photographic 
sensitometry, and random fluctua- 
tions at the quantum level. 

To certain elements of the electron- 
ics industry the symposium brought 
visions of a well-bred market for ad- 
vanced merchandise, quite free of the 
fearful dependence on military spend- 
ing and of the fearful perils of appli- 
ance merchandising. If the electronics 
boys in 1953 hadn’t brought out image 
amplifiers that multiply fluoroscope 
image intensity a thousandfold or 
more so that film can be exposed with- 
out frying patients, there would have 
been no symposium. Their emissaries 
sat unabashed among the M.D.’s. 

To the University of Rochester it 
was a chance to become the national 
cinefluorographic capital. It had be- 
come involved with the subject as 
early as 1929. To have one member of 
its radiology department such an ex- 
pert on motion picture quality that 
he had produced Poe’s “The Fall of 
the House of Usher” to supra-pro- 
fessional cinematic standards had 


helped enormously. We helped, too. 

To us, doomed by our charter to 
the endless pursuit of monetary gain, 
the symposium was important for 
stimulating sales of Kodak Cineflure 
Film, a product which uniquely com- 
bines extreme speed to green light 
with very high contrast. It is obtain- 
able from most x-ray dealers. 

To Charles C Thomas, Publisher, 
Springfield, Ill., the symposium provided a 
title he is publishing this month, Cinefluor- 
ography. It contains all 19 papers and the 
discussion thereof. For a free copy of a 
bibliography of cinefluorography, write 
Eastman Kodak Company, Medical Di- 
vision, Rochester 4, N. Y. 


A deft way with ketones 

(Aminvoxy)acetic Acid Hemihydro- 
chloride, known in the biochemical 
literature as carboxymethoxylamine 


hemihydrochloride and _ with less 
chance for confusion as 
H 
(1:x-0-c-c-on) sncI 
| \| 2 
Ho 


is now going to become even better 
known as Eastman 5336. 

Now that the great virtue of easy 
availability has been bestowed on this 
compound, it commands interest on 
several grounds: * 

1) The still mysterious transforma- 
tion of bacilli and colonies of bacilli 
into the so-called L form—a bacteri- 
ological phenomenon being closely 
watched—has been shown to be in- 
duced in Salmonella typhosa by this 
acid in a narrow concentration range 
(J. Bact., 59,775). 

2) Its ability to combine in living 
organisms with «-ketones, principally 
pyruvate, makes it a metabolic in- 
hibitor useful as a bacteriostatic agent 


*’Tis a speculation whether progress in these mat- 
ters was advanced or retarded by Hans Thacher 
Clarke’s leaving us 32 years ago to build Columbia 
University’s great Department of Biological Chem- 
istry. (Aminooxy)acetic acid was first synthesized 
in Germany in 1893. It is astounding what a large 
proportion of all organic chemicals later found in- 
teresting for one reason or another were first syn- 
thesized in Germany in 1893. Apparently this one, 
like so many others, just lay there in the literature 
until Professor Clarke suggested it for reaction 
with carbonyl compounds. Shortly after the sug- 
gestion proved fruitful, he and a_ collaborator 
came out with an improved synthesis of the com- 
pound. At this point, had he still been heading up 
the production of Eastman Organic Chemicals, he 
would doubtless have added it to our list, making 
it conveniently available to all way back in 1936 
and thus advancing progress. But if he hadn’t quit 
to be a college professor, he’d be tied up in a lot 
of dull business routine. This would have retarded 
progress because he wouldn't have been sitting 
around with graduate students and research schol- 
ars tossing out brilliant suggestions that are still 
gaining momentum a quarter century later. Any- 
way, the synthesis we use for Eastman 5336 now 
is not identical with Dr. Clarke’s. A Texan who 
tried his synthesis reported she wound up with 
merely ammonium chloride unless she was very 
careful. 


This is another advertisement where Eastman Kodak Company 
probes at random for mutual interests and occasionally a little 
revenue from those whose work has something to do with science 
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in preparations of high protein con- 
tent, such as blood-typing serums and 
bacterial vaccines (J. Bact., 55,1). 

3) It is useful as a reagent for the 
isolation of very small amounts of 
ketones from unsaponifiables such as 
cholesterol and its metabolic products 
(J. Biol. Chem., 114,539). 

4) It is useful for isolation of 
a-estradiol from human pregnancy 
urine (J. Biol. Chem., 134,591). 

Abstracts of the latter two analytical 
procedures with Eastman 5336, or List 
No. 41 of some 3700 other Eastman 
Organic Chemicals, will be furnished 
upon application to Eastman Organic 
Chemicals Department, Distillation 
Products Industries, Rochester 3, N.Y. 
(Division of Eastman Kodak Company). 
The compound itself may be ordered at 
$3.55 for 5 grams. 


Photoelasticity by the slice 

Westinghouse, long known as a hot- 
bed of photoelastic activity, has been 
nice enough to cast upon the waters 
of industrial co-prosperity a piece of 
technique that could help sell more 
Kodak Contour Projectors. No time 
must be lost in spreading the word. 

Westinghouse took one of these pro- 
jectors of ours and turned it into a 
magnifying polariscope. This they did 
in the interest of reaching reasonable 
decisions on the mechanical design 
details to enable a nuclear reactor 
pressure vessel to withstand the titanic 
stresses that it must bear. 

Scale models were built out of a 
certain transparent epoxy resin which 
not only exhibits the well known dif- 
ferential retardation between light po- 
larized parallel and perpendicular to 
the stresses, but can retain the effect 
“frozen in” after the pressure is re- 
leased and the model is literally sliced 
up in various planes of interest to the 
stress analysts. The Kodak Contour 
Projector is what brings the analyst in 
close, past the gross structure of the 
pattern, to the all-important fine de- 
tails where structural failure starts. 


Don’t bother Westinghouse for a descrip- 
tion of the optical, mechanical, and electri- 
cal additions they’ve made to the projector. 
It's enough that they are publishing a full 
description of the analytical method (Pro- 
ceedings of the Society for Experimental 
Stress Analysis, 17, No. 1). They’re not 
interested in selling projectors. Eastman 
Kodak Company, Special Products Di- 
vision, Rochester 4, N. Y., is. 





Price quoted is subject 
to change without notice. 
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posed changes in the Internal Revenue 
Code designed to increase private and 
corporate gifts to institutions of higher 
education. The whole amount was spent 
during the year. 

During 1958 the Association entered 
into an agreement with the National 
Science Foundation to administer a pro- 
gram of feliowships for one, two, or three 
summers for high-school teachers of sci- 
ence and mathematics who were deemed 
qualified for individually arranged pro- 
grams of study to increase their com- 
petence in the subject fields. The con- 
tract with the National Science Foun- 


dation was negotiated during 1958, but 
no funds were received during that year. 
Expenses in 1958 amounted to $11,453.- 
45. These expenses were covered by funds 
received from NSF during 1959. 


Investment Account 


The Association maintains a separate 
investment account in which endowment 
and investment funds are segregated from 
current funds and from grants for spe- 
cial activities. During 1958 the Associa- 
tion transferred to the investment ac- 
count $190,604.14 of current funds. The 
transfer was made in order to earn a 
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higher rate of interest on funds not im- 
mediately needed for operating expenses. 
Records of the total amount of money 
and of earnings are maintained in such 
a fashion as to permit return to the oper- 
ating account at any time of whatever 
amount of this money may be needed. 
For investment purposes, however, the 
amount is merged with the Association’s 
endowment funds. Consequently, in the 
figures given in the following table it is 
impossible to show how much of the 
several kinds of securities should be cred- 
ited to endowment funds and how much 
to current operational funds. The com- 
bined account was distributed as follows 
at the end of 1958: 


U.S. Government bonds $164,196.87 
Industrial bonds 197,387.60 
Preferred stocks 58,908.59 
Common stocks 283,986.84 
Total $704,479.90 


Of the above total, $190,604.14 con- 
sists of operating funds and $513,875.76 
of endowment funds. The latter figure is 
$19,300.83 above the total for the en- 
dowment fund at the end of 1957. All 
of these figures are at cost or book value 
rather than at the market value of the 
securities held. During the year the Asso- 
ciation received $23,545.51 in dividends 
and interest. The return was at the rate 
of 3.8 percent on the amount of money 
invested. (Neither the book nor the mar- 
ket value, but the actual amount of 
money that at various times had been 
put into the investment account, was 
used to calculate the rate.) The yield on 
the market value was 3.4 percent. The 
income was used as follows: 


Investment counsel and cost 


of servicing securities $ 2,345.44 
Grants to affiliated acade- 

mies of science 4,324.50 
Transferred to operating 

funds for life and emeritus 

members 6,036.00 
To the Gordon Research 

Conferences 1,877.73 
Award and expenses of New- 

comb Cleveland Prize 1,350.00 
Expenses of Socio-Psycho- 

logical Prize 350.00 
Increase in value of endow- 

ment funds 7,261.84 
Total $23,545.51 


During the year the Association also 
gained $8992.47 from the sale of securi- 
ties. 


Consolidated Balance Sheet 


At the end of 1958, the consolidated 
balance sheet of the Association, which 
includes both operating and investment 
funds, showed the following assets: 


Cash on deposit $ 167,292.92 
Investments at cost 
Operating account 704,479.90 
Investment account 223,049.52 
Land 115,875.00 
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ASTERN INDUSTRIES, INC. 


DOO SKIFF STREET e HAMDEN 14, CONNECTICUT 


1 NEW USSR ACADEMY OF SCIENCES JOURNAL== 


OPTIKA I SPEKTROSKOPIYA 


now available in translation as 


OPTICS AND SPECTROSCOPY 


beginning with January 1959 issue at new low rates 


Publishing results of experimental and theoretical investigations by leading 
Soviet Scientists. Articles in all branches of optics and spectroscopy, including 
X-ray, ultraviolet, visible, infrared and microwave, thin layer optics, filters, de- 
tectors, diffraction gratings, electro-luminescence, thermal radiation backgrounds, 
infrared polarizers and many applications to other branches of science and to 
industry. 


Translated and published by the OPTICAL SOCIETY OF AMERICA, this 
branch of Soviet Science is now made available to all interested individuals and 
organizations along with the Journal of the Optical Society of America at the rate 
of a single journal alone. This was made possible by a grant-in-aid from the 
NATIONAL SCIENCE FOUNDATION to the OPTICAL SOCIETY OF 
AMERICA. Comments on the Soviet articles will appear in the Letters to the 
Editor column of the Journal of the Optical Society of America. 


U.S. & Canada Elsewhere 

(both journals) (both journals) 
Associate membership dues Optical Society of America $13.00 $13.00 
Non-member subscription $25.00 $28.00 


For membership in the OPTICAL SOCIETY OF AMERICA please write 
to Dr. K. S. Gibson, Secretary, Optical Society of America, National Bureau of 
Standards, Washington 25, D. C. Qualification for membership consists of “an 
interest in optics.” 


For non-member subscriptions write to the AMERICAN INSTITUTE OF Puysics, 
335 E. 45th Street, New York 17, New York. 
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Building (less deprecia- 


tion ) 723,214.03 
Equipment (less deprecia- 

tion) 67,884.53 
Money owed to the Asso- 

ciation 69,651.55 
Total $2,071,447.45 


These assets were partially offset by 
the following liabilities: 


Prepaid dues and _ subscrip- 
tions for which members 
and other subscribers had 
not received Science or 
other services 

Unexpended balance _ of 
grants from National Sci- 
ence Foundation, Carnegie 
Corporation, and Rocke- 
feller Foundation 

Accounts payable to others 
Remainder of mortgage on 
building payable in 7% 
years 137,788.46 
Held for Gordon Research 
Conferences 


$370,601.39 


89,751.42 
98,993.57 


39,083.28 
Total $736,218.12 


The difference between assets and lia- 
bilities represents the Association's net 
worth. At the end of 1958, the net worth 
was distributed as follows: 


Endowment funds: 
For research $ 205,547.28 
For general purposes 
(used to pay subscrip- 
tion costs for life and 
emeritus members ) 
For the Newcomb Cleve- 
land Prize 
For the Socio-Psycho- 
logical Prize 
For creating emeritus 
life memberships 
Value of land 
Value of building and 
equipment (less deprecia- 
tion and mortgage) 653,310.10 
Unallocated reserve 93,419.95 


Total $1,335,229.33 


206,213.57 
27,210.00 
29,901.60 


3,751.83 
115,875.00 


Auditor’s Report 


The Association’s financial records for 
1958 were audited, as they have been 
for a number of years, by the firm of 
G. P. Graham and Company. The tables 
presented above differ in form from 
those included in the auditor’s report, 
and the explanations of sources of in- 
come and nature of expense are usually 
given in greater detail. In a few in- 
stances items have been reclassified from 
the auditor’s report to provide more 
meaningful groupings. Except for such 
rearrangements, there are no differences 
between the figures presented here and 
those reported in the audited account, to 
which was attached a letter ending: “In 
our opinion the accompanying statements 
present fairly the financial position of 
the American Association for the Ad- 
vancement of Science as at December 
31, 1958, and the results of its operations 
for the year ended on that date, and were 
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nosepiece if desired, 20-Watt built-in 
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craftsmanship and optics. 


...with Camera Il, permits continuous 
binocular observation. Phototube 
deflects 25% of light to binocular tube. 
Special format indicating eyepiece pro- 
vides rapid, perfect focusing. 


... with Wild Cinetube, using any 16mm 
movie camera having 50mm or 75mm 
focal lengths, permits critical focusing 
on specimen while exposing film. Two 
built-in beam splitters and photoelectric 
cell for exposure determination (with 
galvanometer). Internal projection tube 
for titling. 


... with Phase Contrast, Incident Light, 
Varicolor and other equipment. 
UNMATCHED VERSATILITY, PRECISION 
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*The FIRST name in Surveying Instruments, 
Photogrammetric Equipment and Microscopes 
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prepared in conformity with generally ac-_ | 


cepted accounting principles applied on 
a basis consistent with that of the pre- 
ceding year. Respectfully submitted, G. 
P. Graham and Company, by G. R. 
Bowers.” 

Dar. WoLrFLi 
American Association for the 
Advancement of Science 


Forthcoming Events 
October 


1-4, American Soc. of Industrial De- 
signers, Asheville, N.C. (Mrs. R. R. La 
risch, ASID, 15 E. 48 St., New York 17.) 

4-7. American Inst. of Mining, Metal- 
lurgical and Petroleum Engineers, fall, 
Dallas, Tex. (E. O. Kirkendall, AIMMPE 
29 W. 39 St., New York 18.) 

4-9. Society of Motion Picture anc 
Television Engineers, semi-annual conv. 
New York, N.Y. (C. S. Stodter, SMPTE 
55 W. 42 St., New York, 36.) 

5-7. Aeronautical Communications, 5th: 
symp., Utica, N.Y. (L. G. Cumming, Inst. 
of Radio Engineers, 1 E. 79 St.. New York 
8 

5-7. Association of Medical Illustrators. 
14th annual, Seattle, Wash. (J. W. Phil- 
lips, Univ. of Washington College of 
Medicine, Seattle.) 

5-7. Chemical Engineers, annual, Es- 
sen, Germany. (Dr. Miessner, VDI- 
Fachgruppe, Verfahrenstechnik, Rhein- 
gauallee 25, Frankfurt-am-Main. 

5-7. National Assoc. of Corrosion En- 
gineers, Northeast regional, Baltimore. 
Md. (T. J. Hull, NACE, 1061 M & M 
Bldg., Houston, Tex. ) 

5-8. American Acad. of Pediatrics, 
Chicago, Ill. (E. H. Christopherson, 1801 
Hinman Ave., Evanston, Ill.) 

5-9. American Soc. of Anesthesiologists, 
Bal Harbour, Fla. (J. W. Andes, 188 W. 
Randolph St., Room 1101, Chicago, Il.) 

5-9. Audio Engineering Soc., 11th an- 
nual, New York, N.Y. (AES, P.O. Box 12, 
Old Chelsea Station, New York 11.) 

5-10. Society of Automotive Engineers, 
aeronautical meeting and aircraft manu- 
facturing forum, Los Angeles, Calif. (R. 
W. Crory, Meetings Operation Dept., 
SAE, 485 Lexington Ave., New York 17.) 

5-16. Institute of the Aeronautical 


Sciences, biennial Anglo-American conf., | 


New York, N.Y. (R. R. Dexter, IAS, 2 
E. 64 St., New York 21.) 

6. American Assoc. of Poison Control 
Centers, 2nd annual, Chicago, Ill. (A. 
S. Blank. AAPCC. Connecticut State 
Dept. of Health, Hartford 15.) 


6-8. Aeronautical/Astronautical Prob- | 
lems of High Speed Flight, Stanford, | 
Calif. (E. Haynes, Deputy Director, Aero | 


Sciences Directorate, Air Force Office of 
Scientific Research, Washington 25.) 

6-9. High Temperature Technology, 
intern. symp., Asilomar, Calif. (Public 


Relations Office, Stanford Research Inst., | 


Menlo Park, Calif. ) 

7-8. Advanced Propulsion, 2nd symp. 
(classified), Boston, Mass. (Lt. Col. P. 
Atkinson, Propulsion Div., 
Office of Scientific Research, Washing- 
ton 25.) 


Air Force | 








Now you can use 
self-lubricating 
TEFLON. STOPCOCKS 
on an everyday 
basis! 


Kontes saves you money 
three ways on chemically- 
inert* Teflon items! 


Increased production has low- 
ered prices substantially on all 
Kontes Teflon Stopcocks and 
apparatus which incorporate 
them. You save, in fact, three 
ways by getting Teflon products 
from Kontes: by reduced indi- 
vidual prices, by lower quantity 
prices, and by combining Teflon 
items with your regular orders 
for Kontes Technical Glassware 
for even greater discounts. 
COMPARE KONTES QUALITY! Teflon 
Stopcock barrels are ground and 
polished, providing the ultimate 
in smooth, even turning without 
lubricant. Special spring-loading 
device keeps plug properly seated 
and leak-free without dangers 
inherent in over-tightening. Wall 
thickness is appreciably greater 
than other brands. Sidearms in- 
crease gradually in o.d. and de- 
crease in i.d. at seals to barrels 
for greater strength and im- 
proved flow characteristics. 
Order now for immediate de- 
livery! Write for your free copy 
of our new Bulletin TP-1. It de- 
scribes all Kontes Teflon ware in- 
cluding beakers, burettes, _ pi- 
pettes, separatory funnels, stop- 
cocks, etc. 

K-81100 STRAIGHT STOPCOCK 


prices below are typical— 





Size Bore, mm. Plug size, mm. Each 
i ae: 10/25 4.50 
4-3 10/25 4.50 
$2 2 W290 ©6680 
$4 4 17/40 9.20 
*Teflon has almost universal chemical inertness. 
| ®Reg.T.M., E. 1. du Pont de Nemours & Co., Inc. 


© 


KONTES 
GLASS COMPANY 


First Choice For Quality Technical Glassware 
| Vineland, New Jersey 


Midwest Distributor: Research Apparatus, Inc., Wauconda, Ill. 
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OXFORD 
Scientific Texts 


A Short History of 
Scientific Ideas to 1900 


By CHARLES SINGER. This 
book presents in simple form 
the development of the con- 
cept of a material world, all 
parts of which are rationally 
interrelated. The book treats 
not only the physical and 
chemical, but also the biologi- 
cal disciplines. 188 text figures. 

$8.00 


Circumpolar Arctic Flora 


By NICHOLAS V. POLU- 
NIN. This book identifies, il- 
lustrates, and describes the 
main habitat and range of 66 
families, 230 genera, and 
nearly 900 species of vascular 
plants in the southern tracts of 
the truly arctic regions lying 
north of the tree line. Text 


figures and a map. $20.20 


The Families of 


Flowering Plants 


Arranged According to a New 
System Based on their Prob- 
able Phylogeny — Volume I 
Dicotyledons, Volume _ II, 
Monocotyledons 


Second Edition 
By J. HUTCHINSON. This 


new edition recognizes more 
than 400 families of flowering 
plants and has been rearranged 
in an ascending evolutionary 
series. 450 text figures. $23.55 


The Theory of 


Elementary Particles 
By JAMES HAMILTON. 


This volume illustrates the 
mathematical methods used in 
investigating elementary parti- 
cles. Some of the techniques 
discussed are: the addition of 
angular moments, angular cor- 
relations, isotopic spin, time 
reversal, the renormalized per- 
turbation theory of the S- 
matrix. (International Series 
of Monographs on Physics) 49 
text figures. $12.00 


At all bookstores 


OXFORD UNIVERSITY PRESS 























7-9. Vacuum Technology, symp., Phila- 
delphia, Pa. (American Vacuum Soc., Box 
1282, Boston, Mass.) 

7-11. International Conv. on Nutrition 
and Vital Substances, 5th, Konstanz- 
Zurich, Switzerland. (Secretary General, 
Benmeroderstrasse 61, Hannover-Kirch- 
rode, Germany.) 

8-10. American Assoc. of Textile 
Chemists and Colorists, nat]. conv., Wash- 
ington, D.C. (G. P. Paine, AATCC, P.O. 
Box 28, Lowell, Mass. ) 

8-10. American Ceramic Soc., Bedford, 
Pa. (F. P. Reid, ACS, 4055 N. High St., 
Columbus 14, Ohio. ) 

8-10. American Soc. of Tool Engineers, 
semi-annual, St. Louis, Mo. (H. E. Con- 
rad, ASTE, 10700 Puritan Ave., Detroit 
38, Mich.) 

8-10. Biology of Pyelonephritis, intern. 
symp., Detroit, Mich. (E. L. Quinn, 
Henry Ford Hospital, W. Grand Blvd. at 
Hamilton, Detroit 2.) 

8-10. Optical Soc. of America, annual, 
Ottawa, Canada. (S. S. Ballard, Dept. of 
Physics, Univ. of Florida, Gainesville. ) 

9-13. American Soc. of Civil Engineers, 
Los Angeles, Calif. (E. S. Kirkpatrick, 
ASCE, 33 W. 39 St., New York 18.) 

11-16. American Acad. of Ophthalmol- 
ogy and Otolaryngology, Chicago, Ill. (W. 
L. Benedict, 15 Second St., SW, Roch- 
ester, Minn. ) 

11-16. American Inst. of Electrical En- 
gineers, fall general, Chicago, Ill. (N. S. 
Hibshman, AIEA, 33 W. 39 St., New 
York 18.) 

11-16. American Soc. for Testing Ma- 
terials, Pacific area natl.. San Francisco. 
Calif. (R. J. Painter. ASTM, 1916 Race 
St., Philadelphia 3, Pa.) 

12-14, Clay Conf., 8th natl.,. Norman. 
Okla. (C. G. Dodd, Eighth Natl. Clay 
Conf., Univ. of Oklahoma, Norman. ) 

12-14, Electronics Conf., 15th annual 
natl., Chicago, Ill. (NEC, 228 N. La Salle 
St., Chicago 1, Ill.) 

12-16. Macromolecules, intern. symp. 
(IUPAP), Wiesbaden, Germany. (W. 
Mauss, Intern. Symp. on Macromolecules, 
c/o Kalle & Co., Rheingaustrasse 25, 
Wiesbaden-Biebrich, Germany.) 

12-19. Venereal Diseases, intern. cong. 
(by invitation), London, England. (G. E. 
W. Wolstenholme, Ciba Foundation, 41 
Portland Pl., London, W.1, England.) 

13-17. International Union against the 
Venereal Diseases and the Treponema- 
toses, London, England. (Institut Alfred 
Fournier, 25, Boulevard Saint-Jacques, 
Paris 14°, France.) 

14-16. Parenteral Drug Assoc., annual 
conv., New York, N.Y. (H. E. Boyden, 
Parenteral Drug Assoc., 130 E. 59 St., 
New York 22.) 

14-17, American College of Chest Phy- 
sicians, 25th, Albuquerque, N.M. (M. 
Kornfeld, 112 E. Chestnut St., Chicago 
11, Ill.) 

15-16. American Ceramic Soc., Glass 
Div., Wernersville, Pa. (F. P. Reid, ACS, 
4055 N. High St., Columbus 14, Ohio. ) 

15-17. Academy of Psychosomatic Med- 
icine, Cleveland, Ohio. (B. B. Moss, Suite 
1035, 55 E. Washington St., Chicago 2, 
Ill.) 

15-17. National Soc. of Professional 
Engineers, fall meeting, Seattle, Wash. 
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BA (SHAKESPEARE 


SIVAN 


you can see 
what tests 


prove... 


...it’s always 


e Totally Soluble 
e Completely Active 
e 100% FREE Rinsing 


Yes, these 


pipettes will 


emerge C-P clean, free drain- 


ing, sparkling. 


It’s so easy... 


just soak, 


then rinse. Your pipettes are 


really clean . . 


. no etching 


. no fogging . . . no 


residue. 


Your Haemo-Sol solution is 
active all week. The cost? As 
low as 7/100 of a cent for 


each pipette! 


MEINECKE & COMPANY, Inc. 


225 Varick St., 


New York 14 
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Save time, 
money, work 
...and 
pipettes. 


Clean with 
Haemo-Sol 
for every 
cleaning 
purpose. 


Write for 
FREE 
sample and 
literature 


TODAY. 
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(P. H. Robbins, NSPE, 309 Bancroft 


| Bldg., Univ.. of Nebraska, Lincoln.) 


16-17. Association of Midwest College 
Biology Teachers, conf., Notre Dame, Ind. 
(G. R. Bernard, Dept. of Biology, Univ. 
of Notre Dame, Notre Dame, Ind.) 

17-18. American Acad. of Psychothera- 
pists, 4th annual conf., New York, N.Y. 
(AAP, 30 Fifth Ave., New York 11.) 

17-25, Plastics Industry, intern. fair, 
Diisseldorf, Germany. (Nordwestdeutsche 
Ausstellungs Gesellschaft (NOWEA), 
Ehrenhof 4, Diisseldorf.) 

18-22. Electrochemical Soc., Colum- 
bus, Ohio. (R. K. Shannon, ES Inc., 216 
W. 102 St., New York 25.) 

18-23. American School Health Assoc., 
Atlantic City, N.J. (A. O. DeWeese, 515 
E. Main St., Kent, Ohio.) 

18-23. American Soc. of Plastic and 
Reconstructive Surgery, Miami Beach, 
Fla. (T. R. Broadbent, 508 E. South 
Temple, Salt Lake City, Utah.) 

19-21. High Polymer, 9th Canadian, 
Toronto, Ontario, Canada. (K. E. Rus- 
sell, Dept. of Chemistry, Queen’s Univ., 
Kingston, Ontario. ) 

19-22. Semiconductor Symp. (Electro- 
chemical Soc.), Columbus, Ohio. (A. C. 
Beer, Battelle Memorial Inst., 505 King 
Ave., Columbus 1, Ohio. ) 

19-23. American Public Health Assoc., 
87th annual, Atlantic City, N.J. (B. F. 
Mattison, 1790 Broadway, New York 19.) 

19-23. American Soc. of Civil Engi- 
neers, annual conv., Washington, D.C. 
(W. H. Wisley, ASCE, 33 W. 39 St., New 
York 18.) 

19-23. Radioisotopes in the Biosphere, 
symp., Minneapolis, Minn. (R. B. Calde- 
cott, Center for Continuation Study, 
Univ. of Minnesota, Minneapolis 14.) 

19-31. International Cong. of Thera- 
peutics, Strasbourg, France. (Prof. Fon- 
taine, Dayen de la Faulte de Strasbourg, 
France. ) 

19-31. Pan American Medical Assoc., 
10th conf., Mexico, D.F., Mexico. (J. 
Eller, PAMCA, 745 Fifth Ave., New 
York 22.) 

20-21. Reprocessing of Nuclear Fuels, 
AEC symp., Richland, Wash. (J. T. 
Christy, Hanford Operations Office, U.S. 
Atomic Energy Commission, Richland, 
Wash. ) 

20-22. Standards, 10th natl. conf., De- 
troit, Mich. (K. G. Ellsworth, American 
Standards Assoc., 70 E. 45 St, New 
York 17.) 

20-23. Clean Air, intern. conf., Lon- 
don, England. (National Soc. for Clean 
Air, Palace Chambers, Bridge St. London, 
§.W.1, England. ) 

22-24. Acoustical Soc. of America, fall 
meeting, Cleveland, Ohio. (W. Waterfall, 
ASA, 335 E. 45 St., New York 17.) 

22-24, American Documentation Inst., 
annual, Bethlehem, Pa. (C. G. LaHood, 
Jr., Library of Congress, Washington 25.) 

22-25. British Medical Assoc., annual 
clinical, Norwich, England. (W. Hedg- 
cock, BMA House, Tavistock Sq., Lon- 
don, W.C.1, England. ) 

23-24, Canadian Soc. for the Study of 
Fertility, Montreal, Canada. (J. F. Camp- 
bell, 238 Queen’s Ave., London, Ont., 
Canada.) 

23-25. American College of Cardiol- 
ogy, 8th annual, Philadelphia, Pa. (P. 
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Reichert, ACC, Empire State Bldg., New 
York 1.) 

23-27. American Heart Assoc., annual, 
Philadelphia, Pa. (W. F. McGlone, AHA, 
44 E. 23 St., New York 10.) 

24-29. Darwin Centennial, intern. cele- 
bration, Chicago, Ill. (Office of Public 
Relations, Univ. of Chicago, Ill.) 

24-29. First All-India Cong. of Zool- 
ogy, Jabalpur. (B. S. Chauhan, Zoologi- 
cal Survey of India, 34 Chittaranjan Ave., 
Calcutta 12.) 

26-27. American Cancer Soc., New 
York, N.Y. (ACS, 521 W. 57 St., New 
York 19.) 

26-27. Griseofulvin and Dermatomy- 











Two New Mettler Analytical Balances 


TOP WEIGHING SPEED AND 
ACCURACY AT NEW LOW PRICES 


¢ Increased Optical Range 

e Priced Below Comparable Analytical 
Balances 

¢ Full Sensitivity Under All Loads 

e Patented Ring-Weights Exceed NBS 
Class S Tolerances 

¢ Patented Air-Damping Unaffected by 
Pressure Changes 

e Plastic Housing Insulates Against 
Temperature Variations 


Two high-speed analytical balances have 
been added to the versatile Mettler ‘“*Multi- 
Purpose” line. They have the speed and 
accuracy of Mettler’s other world-famous 
analytical balances . . . at prices $100 and 
more below any comparable balance. 

The H-15 Macro Balance has a capacity 
of 160 grams and an accuracy of +0.05 mg 
in differential weighings on the optical scale. 
It is $125 less than the older Mettler B-S. 
The H-16 Semi-Micro model takes loads up 
to 80 grams and has +0.02-mg accuracy in 
the optical range. It is $100 less than the 
comparable Model B-6. 

Both balances have an optical range of 
200 mg . . . almost double that of the “B” 
balances. This means that more weighings 
can be made entirely on the optical scale, 
at maximum accuracy and speed. Ten to 


coses, intern. symp., Miami, Fla. (H. 
Blank, Dept. of Dermatology, Univ. of 
Miami School of Medicine, Miami 36.) 

26-28. Aeronautical and Navigation 
Electronics, IRE conf., Baltimore, Md. 
(L. G. Cumming, IRE, 1 E. 79 St., New 
York 21.) 

26-28. Analytical Chemistry in Nuclear 
Reactor Technology, 3rd conf., Gatlin- 
burg, Tenn. (C. D. Susano, Oak Ridge 
Natl. Lab., Box Y, Oak Ridge, Tenn.) 

26-28. Gas Lubricated Bearings, Ist 
intern. symp., Washington, D.C. (S. W. 
Doroff, Power Branch, Office of Naval 
Research, Washington 25.) 

(See issue of 21 August for comprehensive list) 








twenty seconds is ample; loads up to the full 
capacity of the balance can be “dialed” in 
thirty seconds. 

Like all Mettler balances, the H-15 and 
H-16 are designed for substitution weighing 
under constant load . . . hence, at constant 
sensitivity. Their single beam-arm eliminates 
the inherent lever error of double-pan bal- 
ances. Two sapphire knife-edges, instead of 
the usual three, reduce bearing errors. Pat- 
ented ring-weights and air-damping reduce 
other sources of weighing errors. The molded 
plastic housing insulates against tempera- 
ture changes. 

There is now a Mettler Type H balance 
for nearly every laboratory application, 
priced in proportion to their increasing ac- 
curacy. Write today for a booklet describ- 
ing the design and performance of all five 
balances in this versatile series: 139 Fisher 
Building, Pittsburgh 19, Pennsylvania. 

B-108b 


FISHER 
SCIENTIFIC 


Chicago Philadelphia IN CANADA 
Cleveland Pittsburgh Edmonton 
Buffalo Detroit St. Louis Montreal 
Charleston, W.Va. New York Washington Toronto 
America’s Largest Manufacturer-Distributor of 
laboratory Appliances & Reagent Chemicals 
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Order custom ware 

from our catalog 
...get it fast 
...get it right 


The easiest, most dependable way to get 
your special glassware is to order it from 
Corning. 

Look in our Catalog LG-1 and Supple- 
ment—there you will find 7308 special 
designs, ranging from tiny 5 ml micro 
flasks to giant 20 gallon reaction vessels. 

Select what you need. Notify us—or your 
regular dealer—of the catalog number. 
Corning’s master glassworkers will quickly 
turn out your ware to precise specifica- 
tions. It’s then carefully packed and 
shipped to you in ample time to meet your 
deadline. 

The ware you get is made from our 
well-known glass No. 7740—the same as 
that used in your regular Pyrex labware 
—so you get the resistance to thermal 
shock and corrosion you’re used to. 


What if it’s not in the catalog? Whenever 
you cannot find exactly what you want in 
the catalog, send us a rough sketch and 
description of what you want. We'll 
quickly tell you 
how much the item 
will cost and how 
long it will take for 
delivery. 

If you don’t have 
LG-1 or Supple- 
ment No. 3, just 
_ us a card and 

e’ll mail you 
oapies by return 
mail. 


Special Apparatus Section 


jm CORNING GLASS WORKS 
a 34 Crystal Street, Corning, N. Y. 
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New Products 


The information reported here is 
from manufacturers and from other sources con- 
sidered to be reliable, and it reflects the claims of 
the manufacturer or other source. Neither Science 
nor the writer assumes responsibility for the accu- 
racy of the information. A coupon for use in mak- 
ing inquiries concerning the items listed appears 
on page 646. 


obtained 


® CLOSED-CIRCUIT CAMERA is 
designed to be inserted into tubes 3 in. 


for 


television 


TELEVISION 


diameter 
surfaces. The 
the camera-control-power 
which complete 


or more in inspection of 


inside monitor 
and unit, 


the closed circuit sys- 
Diamond 


Dept. 37 


tem, are mounted on a Cart. 


Power Specialty Corp., 
@ INFRARED ABSORPTION CELL 
single block of rock salt 

cavity 
machining. 


consists of 


in which a 


‘ 
has been produced by ultrasonic 
Faces of the cell are cleaved. 
Thicknesses range OO}. to 5 
The cavities are filled and cleaned by 
hypodermic 


from mn. 


syringe and are stoppered 
with polyethylene. Adapters are avail- 
able for use with any comme 
red 


rcial infra- 
Connecticut Instru- 


Dept. 38 


spectrometer. 
ment Corp., 


@ SPECTROPHOTOMETER 
the 


near-infrared spectrophotometer include 


ACCESSORIES for 
manufacturer’s — ultraviolet-visible- 
a specular-reflectance attachment and a 
diffuse - reflectance-sphere 
The attachment, 
suitable for measuring flat surfaces, 


attachment. 
specular-reflectance 
pro- 
vides a sample beam that strikes the sam- 
ple at incident angle of 20 deg. The dif- 
permits meas- 
urements of solid samples as well as li- 
quid 


fuse-reflectance sphere 
seam 
The 
retained 


Dept. 


or solid scattering samples. 
size at the sample is 25 by 32 mm. 
can be 


Perkin-Elmer 


specular component 
rejected. 


39) 


Corp., 


@ TELEMETERING 
radio-frequency of 
Mcy/sec. Three 
0 to 24, 

are 


GENERATOR has 
195 to 270 
frequency-deviation 
0 to 80, and 0 to 240 
each continuously adjust- 
Internal amplitude modulation 
from 0 to 50 percent is available. Over- 
all FM distortion at 75 kcey/sec is less 
than 2 percent; at 240 kcy/sec it is less 
than 1 percent. Maximum open-circuit 
output voltage is 0.4 v. 


SIGNAL 
range 


ranges, 
key/sec, 


able. 


Accuracy is + 0.5 
percent after warm-up. (Boonton Radio 


Corp., Dept. 42) 


™ TAPE PERFORATOR has punching speed 
of 40 columns per second. As the drive 
shaft of the device completes half of the 
revolution required to punch each col- 
umn, the perforator will accept the sig- 
nal from the next column. Tape up to 
l-in. wide is accepted with code column 
up to eight channels. Models with up to 


30 channels are available on special or- 


der. (Telecomputing Corp., Dept. 44) 











Carcinogenesis 
by Ultraviolet 
Light 


An Essay in Quantitative Biology 
by Harold F. Blum 
Explores 
ultraviolet 
discusses 


the process by which 
light induces 


practical 


cancer, 
aspects 
and 
viewpoint on_ this 


| 
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| disease. After describing the course 
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J 


some 
regarding skin cancer in man, 
offers a new 


mental data, Dr. Blum does not 
hesitate to speculate boldly—al- 
ways being careful to 
within the limits set by experi- 
He bases his 
speculations on the 
bedrock of quantitative data, and 
presents his arguments in readable, 
non-mathematical form. Investi- 
gations in the Biological Sci- 
Neo. 2. 


remain 


evidence. 
challenging 


mental 


ences, $6.50 


At your bookstore, or 


Princeton 
University Press 


Princeton, New Jersey 
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of carcinogenesis, based on experi- 
l 
l 
| 
| 
| 
I 
l 
! 
I 
| 
| 
| 
| 
| 
| 
| 

















NTEREONCOPI 


MICROSCOPE 
for the budget-minded! 


Designed and sturdily built for 
educational or industrial use, 
UNITRON Model MSL has the 
same optical and mechanical 
features found in higher priced 
instruments. 

e Erect, three-dimensional image 
Coated optics and prisms 

Achromatic 2X paired objectives, 
paired wide field eyepieces 

Working distance 75mm. 

Vertical binocular body with inter- 
pupillary and diopter adjustments 
Total focusing excursion 70mm. 
Heavy base, removable glass stage 
plate, stage clips 

Choice of one magnification 10X, 20X 
or 30X, extra eyepieces available 
Complete in fitted hardwood cabinet .... 


FREE 10 DAY TRIAL 


ALSO AVAILABLE 

Model MSL-A with weet _ 
5X or 10X or 15X . $120.00 
Extra eyepieces..... 
Model LS Stereoscopi 
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INSTRUMENT DIVISION of UNITED SCIENTIFIC CO 


204-206 MILK STREET * BOSTON 9, MASS. 





Please rush to me, UNITRON's Microscope Catalog. 4U-2 | 


Name 

Company. | 
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SEQUENCE TIMER, operated by battery, 
is reported to have a very low power 
requirement. The unit is of cam-oper- 
ated microswitch type. It is driven by a 
motor with speed regulation accurate 
within +1 percent for voltage drops up 
to 50 percent. Switch capacity may be 
5 or 20 amp. (Brailsford & Co., Dept. 
41) 


§PRESSURE-RATIO COMPUTER measures 
compressor inlet and outlet pressures, 
indicates pressure ratio on an integral 
scale, and generates a pneumatic signal 
proportional to the ratio. Pressure ele- 
ments are available for use over a con- 
tinuous range from 0 absolute to 500 
lb/in.2 gage. Ratios of 1 to 5 can be 
measured throughout a_ pressure-turn- 
down range of 20 to 1. (Hagan Chemi- 
cals & Controls, Inc., Dept. 45) 


§METERING PUMP features volume-per- 
stroke adjustability while running. Pump 
bodies are made of ceramic, tempered 
glass, or Teflon. Plungers are ceramic. 
Stroke rate is 95 per minute; stroke 
length is adjustable from 0 to 19/32 in. 
The pump will operate against back 
pressure of 28.5 Ib/in?. (C. H. Stoelting 
Co., Dept. 49) 


®ULTRASONIG FLAW DETECTOR is a port- 
able instrument offering choice of any 
frequency of operation between 0.4 and 
10 Mcy/sec, depending on the trans- 
ducer selected. Adjustment to any fre- 
quency within the range is automatic. 
An optional flaw alarm signals that test 
limits have been exceeded. (Branson In- 
struments, Inc., Dept. 50) 


§CLOSED-CIRCUIT TELEVISION SYSTEM 
provides 1000-line horizontal resolution 
and 700-line vertical resolution. Band- 
width for the complete system is 20 
Mcy/sec. The system is available with 
preset line rates of 675, 875, or 1035 
lines per frame at 60 fields, 30 frames 
per second. Aspect ratio is variable be- 
tween 1:1 and 3:4 (height to width). 
Variations of line voltage +10 percent 
of nominal 117 v do not cause picture 
deterioration. (General Precision Labo- 
ratories, Inc., Dept. 51) 


"IMPEDANCE BRIDGE measures induct- 
ance and Q of inductors, capacitance 
and dissipation factor of capacitors, and 
ac and d-c resistance. Resistance range 
is 1 milliohm to 10 megohm; capaci- 
tance 1 pf to 1000 uf; inductance 1 wh 
to 1000 h. Dissipation factor D of capa- 
citors is measured from 0.001 to 50 at 1 
key/sec. Q of inductors is measured 
from 0.02 to 1000 at 1 kcy/sec. Ac- 
curacies of + 1 percent for R, C, and L 
and +5 percent for Q and D are 
claimed. (General Radio Co., Dept. 54) 

JosHUA STERN 
National Bureau of Standards, 
Washington, D.C. 
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compounds 


Tritium labeled compounds have become increasingly 
significant in biological research. Tritium, with its low- 
energy beta-emission, allows precise localization by the 
radioautographic technique. Now, direct evidence on cell 
nuclear processes is available, where formerly only in- 
ferences could be made. Tritiated compounds are ideal 
for investigating cell formation and turnover, genetic 
patterns, effect of intra-cellular radiation and growth in- 
hibitions in neoplasms. 

Schwarz Laboratories, Inc., first to supply tritiated 
thymidine, offers many new tritium labeled compounds 
as research tools for tracing cell metabolism. Extensive 
use of ultraviolet absorption, chromatography and iso- 
tope dilution assays guarantee that Schwarz Tritiated 
Compounds are Radiochemically Pure. You can depend 
on Schwarz Quality Radiochemicals. 


. @ Stable Radioactive 
Properties Label—Half-Life 12% years 
of all @ Pure Beta Emitter 
at 0.018 MEV (Max) 


Tritiated : : 
@ High Resolution 
Compounds in Radioautographs 
Thymidine 


New high specific activity 3.0 curies/mM., also 
available at 0.36, 1.88 curie/mM. Rapid incorpora- 
tion into DNA. The stability of Tritiated Thymi- 
dine over a six month period has been established 
by continuing Storage Stability Tests. 
Cytidine 

Specific activities 0.36, 1.0 Curie/mM. Useful for 
localizing active sites of RNA synthesis within the 
cell. 

Adenosine 

Specific Activity: 1.0 curie/mM. 

Uridine 

Specific Activity: 0.6 curie/mM. 
2-Deoxy-D-Ribose 

Specific Activity: 27 mc./mM. 


Cytidine 5’ -Monophosphate 
Specific Activity: 0.3 curie/mM. 
Schwarz Tritiated Compounds are supplied in Sterile Standardized Vials. 


Write today giving your 
requirements for these or other 
tritiated compounds. Further 
information and complete price 
list will be sent on request. 


SCHWARZ LABORATORIES, INC. 
230B Washington Street, Mount Vernon, N. Y. 
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The Sigma 


Cooperative Allowance 


What it is: 


Non-profit laboratories Anywhere in the 
W orld that need Sigma reagents, but do not 
have the necessary dollars for their purchase, 
may request an allowance of up to 100% of 
the invoice. Such requests will be carefully 
considered for approval. 


If they are in a hurry, the request should be 


by Long Distance Collect Telephone. It is a 
Pleasure to pay such a bill! 


In other words: 
If you have plenty of money, purchase your 
reagents Anywhere. If you are pressed to 


meet your other obligations, Call Sigma! No 
Obligation. 


P.S. Even if you don’t need our financial assistance 
at this time, we really hope you will always insist 
on Sigma Reagents! If purity is essential, we don’t 
think we have an equal. 


Inquiries Invited 


LET US KNOW 
if you did not receive our April 1959 Catalog. 


KEEP US ADVISED 
of Address Changes 
(Always include your Old Address). 


TELEPHONE COLLECT 

from anywhere in the world 

Day, Station to Station, PRospect 1-5750 

Night, Person to Person, = 
Dan Broida, WYdown 3-6418 


The Research Laboratories of 


SIGMA 


CHEMICAL COMPANY 








3500 DEKALB ST., ST. LOUIS 18, MO., U. S.A. 
MANUFACTURERS OF THE FINEST BIOCHEMICALS AVAILABLE 
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ELECTRONIC 


COLONY COUNTER 


A brilliantly illuminated 
colony counter that marks 
as it counts automatically 






This instrument 
provides four 
precision meth- 
ods for counting 
cultures in vari- 
ous containers. 
Plates are 
flooded with 
cool, soft, glare- 
free illumina- 
tion. Accurately 
records pinpoint 
colonies. i 

A mere touch of each colony with an electric probe 
actuates an electromagnetic counter and leaves an 
identifying puncture in the agar. When puncturing is 
not feasible, a marking pen may be used which marks 
the glass plate as it counts. Complete with push but- 
ton counter, automatic reset to zero and magnifying 
viewer. 


UNCONDITIONAL ONE YEAR GUARANTY 
Write for Catalog C100-9119 


PRECISION LABORATORY APPARATUS 


P.O. BOX 606, NEW BRUNSWICK, NEW JERSEY 





























AAAS SYMPOSIUM VOLUMES 


| 6” x 9”, illustrated, clothbound 
Grasslands, 424 pp.," 1950. voc. vac cote tre. oe $ 9.00 
Evolution of Nervous Control, 240 pp., 1959 .. 5.57 
| Zoogeography, 510 pp. 19GB 6:50 csi ssc snes 12.00 
The Species Problem, 404 pp., 1957 .......... 8.75 


Atomic Energy and Agriculture, 460 pp., 1957 .. 9.50 
The Beginnings of Embryonic Development, 408 








eae) kt MERC ee Nee rma 8.75 
Alconoliam, °220) fips (1991 ooiis es ioc icse ewe ue 5.75 
Tranquilizing Drugs, 205 pp., 1957 ........... 5.00 
Vendihs, 400 (pps, (1956 3% cose eis otic os a's 9.50 
The Future of Arid Lands, 464 pp., 1956 ....... 6.75 
Water for Industry, 140 pp., 1956 ............ 3.75 
Psychopharmacology, 175 pp., 1956 ........... 3.50 


Luminescence of Biological Systems, 466 pp., 1955 7.00 
Advances in Experimental Caries Research, 246 


PRG ued ccswtiwonteianein aereeinegiiewc oe 6.75 
Antimetabolites and Cancer, 318 pp., 1955 ...... 5.75 
Monomolecular Layers, 215 pp., 1954 .......... 4.25 
F <= as a Public Health Measure, 240 pp., 


Members enjoy reduced prices for prepaid orders 


AAAS, 
1515 Mass. Ave., NW, Washington 5, D.C. 
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PHOTOVOLT Densitometer ~ ® 


for Partition Chromatography 
and Paper Electrophoresis 





Our first contribution 


in the field of 
High Purity Amino Acids 


L-PROLINE 


@ Grave 
Substantially Hydroxy-Proline-Free 


To the best of our knowledge, All 
commercial offerings of L-PROLINE 
have contained from 14-5% Hy- 





A photoelectric precision instrument for the rapid 
and convenient evaluation of strips and sheets 
of filter paper in partition chromatography and 


piper dadiogheeeiih droxy L-Proline. Sigma has now ef- 


fected the removal of this impurity. 




















9 
‘Write for Bulletin #800 x 
iC bd 95 Madison Avenue - New York 16, N. a . 2-N=NONYL-4-HYDROXY- 
| Colorimeters pH meters Electronic Photometers QUINOLINE-N-OXIDE 
SEY a sash atctantsis poraper — noe alllegebenn ee Streptomycin Antagonist and In- 








hibitor of intact DPNH Oxidase 
™ systems of bacterial and animal 


S GLASS ABSORPTION a 
CELLS my KLETT Biochem. J., 63, 130, (1956) 











origin. 














“a HELP WANTED 
“ Biochemists 
1.50 Organic Chemists 
og Clinical Chemists 
5.75 
pa TELEPHONE COLLECT 
9.50 from anywhere in the world 
6.75 Day, Station to Station, PRospect 1-5750 
3.75 Night, Person to Person, 

% Dan Broida, WYdown 3-6418 
3.50 | 

7.00 


The Research Laboratories of 










































































6.75 
515 SIGMA 
ie seins sila tieeaceaircs CHEMICAL COMPANY 
4.50 ien Mes -Seataees— | 3500 DEKALB ST., ST. LOUIS 18, MO., U. S.A 

Bio-Colorimeters — Comparators — Glass Stand- < 2 ’ ee ae ee 
rs Sees MANUFACTURERS OF THE 

FINEST BIOCHEMICALS AVAILABLE 
Klett Manufacturing Co. "= | 

‘. 179 East 87 Street, New York, New York =>) 
OT . 
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ENGINEERS 
SCIENTISTS 


RESEARCH OPPORTUNITIES 





Aeronutronic, a new division of 
Ford Motor Company, has im- 
mediate need for qualified peo- 
ple to staff senior positions at 
its new $22 million Research 
Center in Newport Beach, 
Southern California. 


The Space Technology Opera- 
tion offers the highly desirable 
combination of new facilities 
and advanced equipment, lo- 
cated in California’s finest en- 
vironment for living and raising 
a family. Investigate these ex- 
ceptionally rewarding positions 
now: 


VEHICLE TECHNOLOGY 


Aerodynamic design and 
testing 

Rocket engine development 

Rocket nozzle and re-entry 
materials 

High temperature chemical 
kinetics 

Combustion and detonation 
theory 

Combustion thermodynamics 

High temperature structural 
plastics & ceramics 

Advanced structures 

Rocket vehicle systems 


LEELA 


be 


MISSILE DEFENSE 


Supersonic aerodynamics 

Aerothermodynamics 

High temperature heat 
transfer 

Space physics 

Re-entry programs 


QR OPE ALLBPE 


ASTRO SCIENCES 


Space electronics 
Guidance & control 
Communications 
Instrumentation 
Experimental physics 
Plasma and magnetohydro- 
dynamics studies 


| 
| 
| 


PPT 


Qualified applicants are invited to 
send resumes and inquiries to Mr. 
R. W. Speich, Aeronutronic, Dept. 
16, Box 451, Newport Beach, 
California. 


AERONUTRONIC 


a Division of Ford Motor Company 


Newport Beach 
Santa Ana * Maywood, California 


oe 






ee 








-——PERSONNEL PLACEMENT—— 











CLASSIFIED: Positions Wanted, 25¢ per 
word, minimum charge $4. Use of 
box number counts as 10 additional 
words. Payment in advance is required. 
Positions Open, $33 per inch or frac- 


tion thereof. No charge for box 
number. 
COPY for classified ads must reach 


SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below—no charge 
for box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 

Single insertion 


$33.00 per inch 


4 times in 1 year 30.00 per inch 
7 times in 1 year 28.00 per inch 
13 times in 1 year 27.00 per inch 
26 times in 1 year 26.00 per inch 


52 times in 1 25.00 per inch 
For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 
Replies to blind ads should be addressed 
as follows: 
Box (give number) 
Science 
1515 Massachusetts Ave., NW 


year 





Washington 5, D.C. 








lll POSITIONS WANTED |i 
Neuroanatomist-Neurophysiologist, Ph.D. Zool- 
ogy and medical school teaching; Phi Kappa 
Psi, Alpha Kappa Kappa, Sigma Xi. Age 33; 
14 publications. Curriculum vitae. Write Box 
200, SCIENCE. 8/28; 9/4, 11, 18, 25 





(a) Ph.D., Physiology; experience in burn 
shock and aviation, physiology research, and sci- 
ence information. (b) Ph.D., Chemistry; teach- 
ing and research experience in protein chemis- 
try, metabolism, and enzymes. Medical Bureau, 
900 North Michigan, Chicago. \ 
Virologist, Ph.D. For research, teaching, in vir- 
ologist, tissue culture. Experience in medic] 


microbiology, phage transduction. Box 212, 
SCIENCE, 9/11, 18, 25 


(il POsrrTONS OPEN [ill 





| 
| 














BACTERIOLOGISTS 


Research 


Challenging positions are open for bac- 
teriologists with a bachelor’s degree and 
2 to 4 years’ research experience, pref- 
erably in public health or microbiology. 
These positions offer opportunity to use 
your initiative and creative ability on 
interesting and varied programs. Excel- 
lent employee benefits and liberal vaca- 
tion policy. Please send résumé to: 


E. P. Bloch 
ARMOUR RESEARCH FOUNDATION 
of 
Illinois Institute of Technology 


10 West 35 Street 
Chicago 16, Illinois 











(a) Clinical Microbiologist; M.D., Ph.D., to 
supervise bacteriology, responsible developmen- 
tal work in microbiology, research; large diag- 
nostic clinic, affiliated 500-bed general hospital, 
fully approved; prominent mideastern university 
city. (b) Biochemist; Ph.D. as second in divi- 
sion, experienced proteins; administrative abil- 
ity; to $14,000; important eastern pharmaceu- 


tical house. (c) Pharmacologist; screening; 
supervise assistant, report to director, pharma- 
cological research; to $8500; midwestern con- 


cern. (d) Chemist; B.S., 
chemical procedures; well-established health la- 
boratory; minimum $6500; eastern resort loca- 
tion. Woodward Medical Bureau, Ann Wood- 
ward, Director, 185 North Wabash, armen 


M.S., cognizant latest 








iilill| POSttONS OPEN |i 


All-level LIFE & PHYSICAL 
SCIENTISTS 








For immediate placement as 
Researchers, Professors, 
Administrators, Directors, 
Managers, Executives 
write Dr. A. H. Hammo 
NATIONAL SCIENTIFIC 
PERSONNEL BUREAU, Inc. 
Box 2707, Wash. 13, D.C. 

















Pharmacologist. Ph.D. with training or experi- 
ence in drug evaluation and pharmacodynamics 
for senior pharmacologist position. Please send 
vita and salary requirements to Personnel Man- 
ager, Baxter Laboratories, Inc., Morton Grove, 
Illinois. 9/11, 18, 25 
(a) Ph.D. or M.D. trained in physiology, bio- 
chemistry, or pharmacology; duties consist 
principally ot investigations in clinical research 
with the rank of associate; one of leading phar- 
maceutical companies; $10,000-$15,000; East. 
(b) Internist, trained or experienced, cardiovas- 
cular field, certified or eligible; will consider 
Diplomate without CV training with interest in 
this field; one of leading pharmaceutical com- 
panies, East; starting salary $15,000. (c) Micro- 
biologist, Ph.D., and Bacteriologist with Mas- 
ter’s degree or equivalent; should be qualified 
to head departments covering all phases of vet- 
erinary biological departments; laboratories of 
large industrial company; medical school city, 
Midwest. (d) Supervisor of Fermentation Proc- 
ess Development; preferably biochemist or chem- 
ical engineer with administrative experience; 
antibiotic fermentation experience advanta- 
geous; important pharmaceutical company; col- 
lege town near medical center; East. S9-2. 
Medical Bureau, Burneice Larson, Director, 
900 North Michigan, Chicago. 











Science Instrument Sales 
We invite applications from young men with 
good scientific background (Chemistry, Biol- 
egy, Metallurgy) for training before joining 
our nationwide sales organization. 
Excellent working conditions and advance- 
ment possibilities. Apply only if interested 
in permanent position, willing to learn, to 
travel and to locate as assigned. 
Send resume to: 

Mr. Harold H. Apt 

BRINKMANN INSTRUMENTS, Inc. 

Brinkmann House 

Great Neck, L.I., New York 


SCIENCE TEACHERS, LIBRARIANS, AD- 
MINISTRATORS urgently needed for posi- 
tions in many states and foreign lands. Monthly 
non-fee placement journal since 1952 gives com- 
plete job data, salaries. Members’ qualifications 
and vacancies listed free. 1 issue, $1.00. Yearly 
(12 issues) membership, $5.00. CRUSADE, 
SCT.. Rox 99. Station G. Brooklyn 22. N.Y. ew 


VIROLOGIST 


IF you would like to work with an un- 
usual group of biological scientists with 
unique responsibilities in data evaluation 
and experimental design. 

















IF you like the academic atmosphere 


IF you would enjoy working with both 
laboratory scientists and clinicians 


IF you are thoroughly trained in virology- 
immunology 


THE 


=f SCIENTIST 
NEED 


YOU COULD BE 
WE 


To apply your talents to the many facets 
of an expanding program in vaccines and 
chemotherapy. 


Send complete résumé to 
L. H. WATSON 
Employment Manager 
SMITH KLINE 


& FRENCH 
LABORATORIES 


1512 Spring Garden St. 
Philadelphia 1, Pa. 
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The Market 7 ace 


BOOKS + SERVICES + SUPPLIES - EQUIPMENT 





DISPLAY: Monthly invoices will be sent 
on a charge account basis—provided 
that satisfactory credit is established. 
Single insertion $33.00 per inch 

4 times in 1 year 30.00 per inch 
7 times in 1 year 28.00 per inch 

13 times in 1 year 27.00 per inch 

26 times in 1 year 26.00 per inch 

52 times in 1 year 25.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 














Illl| BOOKS AND MAGAZINES || 





Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
periodical files you are willing to sell at high mar- 
ket prices. Write Dept. A3S, CANNER’S, Inc. 


Boston 20, Massachusetts 


SCIENTIFIC JOURNALS WANTED 


Sets, Runs and Volumes bought at top prices. 
——— Your wants supplied from 
our Back Files of over 3,000,000 periodicals. 


Abrahams Magazine Service; N. Y. 3, N. Y. 











JOURNALS FOR SALE 


Transactions of Am. Inst. Chem. Eng. 

Biochemische Zeitschrift 1-315 

Industrial Arts Index 1943-1949 

Engineering Index 1947-1952 

Journal of Biological Chemistry 1-44 
Bound In good condition 


Box 208, SCIENCE 














| SUPPLIES AND EQUIPMENT || 


BACTERIOLOGICAL AND _ GROSS 
TISSUE STUDY TECHNIQUES USED 
IN OUR QUALITY CONTROL 
HUNTINGDON FARMS, INC. 
2548 NORTH 27th ST. PHILA. 32, PA. 











1919 - 1959 
LaMotte Chemical 
Chestertown, Maryland, U.S.A. 
Specialists in 
Colorimetric Techniques 
Reagents-Standards-Comparators 
Send for Illustrated 


Controls Handbook Dept. H 














THE JUNIOR 
Garceau 


Bectrocs halograph 
$575.00 cumin. 


: Batteries 
Rogvires no Shielding 
Prempt Delivery 

A.C. 


Inkiess Writing 
Shipped Ready te Ren 

ELECTRO-MEDICAL 

LABORATORY, INC. 
South Woodstock 2, Vermont 























4950 York St. * MAin 3-5373 * Denver 16, Colo. 


HI SUPPLIES AND EQUIPMENT HI | |\\\|| SUPPLIES AND EQUIPMENT ||| 


YOU NEED THIS FREE nal 
CATALOG FOR YOUR FILES Aaa 


Serums, antiserums and bloods 
of all kinds for technicians and tissue 
culture laboratories. No salesman will call. 









[Swiss ’ 


COLORADO SERUM CO. 














C.F. 1 





MICE 


1.C.R DESCENDANTS 


GREEN HILLS FARM 


Box 381, Jeffersonville, New York 


TACONIC 
FARMS 


Tel.: 363 ; GERMANTOWN = NEW YORK 
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11 SEPTEMBER 1959 


USE THIS EASY SELF-MAILER to obtain 


further information 


Kicadleia Sic 
Neaders erutce 


Information Requisition 


11 September 1959 


It’s simple: Mark—Clip—Fold—Mail—No stamp required 


This coupon is for your convenience—to facilitate your requests for further 
information about advertised products and items in New Products. This cou- 
pon is good for 3 months only. 


From: 
WOM cara o iets d otek s.sic'e Sas cue er PORE % osx esa coe Leen 
MIEN 56 e a ae 0 0 cial a ales Gee rae ey Om enc: ot aes oe eran 
sss arses! aistw: oss <. bn Sg Sc U4 dk 4: Seateregt al Ore alw © e/ane Ghehar ay enataaeenn 
are Sse erase < ss pie da ee Me. ..s SEE so Ses eure eee 


(Please print or type) 


Mark, clip coupon—FOLD HERE along this line—mail 


No 
Postage Stamp 
Necessary 


Postage 
Will be Paid 


by 
Addressee 


If Mailed in the 
United States 








BUSINESS REPLY CARD 
First Class Permit #12711 New York, N.Y. 








R. ea he ers or 


To: SCIENCE MAGAZINE 
Room 740 
11 West 42 Street 
New York 36, New York 


Fasten Here Only 
Staple, Tape, Glue 








HU PROFESSIONAL SERVICES ||| 
LABORATORY SERVICES 


for the FOOD, FEED, DRUG and 
CHEMICAL INDUSTRIES 
Analyses, Biolegical Evaluation, 
Toxicity Studies, Insecticide Testing 
and Screening, Flavor Evaluation. 


Projeet Research and Consultation 









WISCONSIN 
ALUMNI 
RESBARCH 
FOUNDATION 









Write for Price Schedule 
P. O. Box 2217 * Madison 1, Wis. 











ill PorEssionat, senvices [il 








e 
LABORATORY SERVICES _ ' 
} for the ' 
1 FOOD and DRUG INDUSTRIES { 
' Drug Evaluation, Food Additive Studies, ! 
j Chemical and Biological Assays, : 
! Clinical Studies, Research ’ 


La WALL & HARRISSON 
Sa Div.S, 1921 Walnut St., Philadelphia 3, Pa. RI6-4322 





AMINO ACID ANALYSIS 

. . of proteins, peptides, tissue extracts, foods, 
and physiological fluids by the Spackman, Moore, 
Stein ion-exchange method, using the latest 
Beckman-Spinco Analyzer. 

Inquiries for rates and other details are invited. 


Analytical Division 
xford 961 Woodside Road 
aboratories® Redwood City 3, Calif. 





HISTOLOGY 


for 
Industry and Research 
GEORGE L. ROZSA, M.D. 


148 Limwood Ave. Buffalo 9, New York 
GRant 7165 
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3 
R tkthaats . 


Information Requisition 


Use this easy self-mailer to obtain further information about 
items or literature from the New Products section as well as 


advertised products. 


NEW PRODUCTS 


Circle below desired number corresponding to: 


37 38 39 41 42 44 45 49 


50 51 54 


ADVERTISERS IN THIS ISSUE 


In the below list, check page number of advertiser from whom you would like 
more information. If more than one item appears in ad, letters A, B, C are 
used to indicate particular items available in order of appearance in advertise- 
ment. Where more than one ad appears on page. U indicates upper ad, L 
lower ad, | inside ad, M middle ad, and O outside ad. The covers are 
designated by IFC (inside front cover), IBC (inside back cover), and OBC 
(outside back cover). Advertisements in Personnel Placement are not keyed; 
only fractional pages (one-sixth or larger) in the Market Place are keyed. 
A multiplicity of items is indicated by *. Readers are requested to specify on 
this coupon the particular item in which they are interested; otherwise, the 
request cannot be processed. 


C IFC 0 587* 0 588 0 589 0 591,A 
CO 591,8 pe 0 593 0595 0 596* 
0 598 OD 634 0 635, Ul 2 635, UO 0 635,L 
(1 636,U-A [ 636, U-B 0 636,L 0 637,1 OC 637,0 
CO 638,90 0 638, 1 0 639 CO 640, 0 C2 640, Ul 
0 640, LI 0 641 0 642,0 OC 642, Ul DC 642, LI 
[) 643, Ul C643, LI 0 643,90 OC oBC 

646 














fype y\” ON PROGRAM 2121 
(Air Weapons Control System 


The Heavy Military Electronics 
Department of G.E. has been 
awarded responsibilities for 
Systems Management, Sys- 
tems Integration and Systems 
Engineering of AWCS 212L—a 
Universal Electronic Control 
System to meet the vast prob- 
lem of Air Defense outside the 
continental United States. 

Designed for both fixed and 
mobile applications, 212L will 
be an ultra flexible system. It 
can be used to defend a single 
airfield or— by linking control 
sites together— provide air 
control for an area the size of 
Alaska. By integrating capabili- 
ties of several countries, it can 
operate as the air defense sys- 
tem for an entire continent. 

In addition to its prime func- 
tion of Systems Management, 
HMED will design, develop and 
produce the Data Processing 
and Display Subsystem, which 
is the heart of 212L. 





Also Openings on Diversity 
of Other Far-ranging 
Programs in: 


Fixed & Mobile Radar; Ship- 
borne Radar; Shipborne Search 
Sonar, AN/SQS-26 (a new 
responsibility), Underwater 
Detection Systems; Missile 
Guidance; Far Flung Commuiii- 
cations. 
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ENGINEERS + SCIENTISTS 


An Unprecedented Opportunity 
Enter the Field of 





with 
GENERAL ELECTRIC 


Yesterday’s systems must today be 
considered only “subsystems” to be 
integrated into a larger entity. The growing 
demand of the defense establishment for 
super-systems offers challenges of 
unprecedented scope to the engineering 


profession. 


Now HMED offers able engineers 
an opportunity to get full exposure 

to this field of the future — to learn, 
grow and develop their capacities for 
systems thinking, by working with 
men who have been in-at-the- 
beginning of major systems design 
and integration programs. 


Facts and Figures Behind 
Growth Opportunities Here: 


At HMED you are joining an 
organization providing professional 
people with an outstanding combination 
of CAREER STABILITY plus 
INDIVIDUAL PROGRESS. In the 
last few years this G. E. department has 
doubled its dollar business volume; 
tripled its engineering laboratory and 
office space; quadrupled the number 
of its supervisors and managers, from 
26 to 101, with 90% promoted from 
within; quintupled its professional 


cngineering staff. 
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[[] COMMUNICATIONS ENGINEERS — To work 
with Propagation consultant in frequency 
choice versus sight configuration, and design 
of optimum communication and sight configu- 
ration. (BS in EE and 3 years’ experience 
necessary) 
O RADAR SYSTEMS ENGINEERS—To integrate 
varied data acquisition equipment into com- 
plex electronic control systems. (Advanced EE 
degree preferred with minimum 3 years’ 
experience) 
O TELECOMMUNICATIONS ENGINEERS — To 
— design and develop advanced communica- 
tions subsystems of ground electronic control 
system complex. (EE degree and 5 years’ 
experience) 
O PROPAGATION CONSULTANTS-—To assist in 
the design, development and management 
of radar and communications subsystems as 
applicable to an air defense system. (Advanced 
degree in EE or Physics with 5 years’ experience) 
oO RADAR RECEIVER & VIDEO PROCESSING 
ENGINEERS —To establish receiver design 
criteria for optimum system performance in 
varied environments, particularly ECM. 
(Advanced EE degree or equivalent and mini- 
mum 5 years’ experience) 
Oo ECM SPECIALISTS —To provide threat 
models and consultation to design and 
management engineers. (Advanced degree in 
EE and 3-5 years’ experience) 
Cc] ANTENNA AND MICROWAVE ENGINEERS — 
To establish antenna design and sighting 
philosophies for optimised detection system 
performance. (Advanced EE degree and 5 years’ 


: 
i 
I 
! 
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experience) 
RADAR DESIGN ENGINEERS — To work on 


Bowe ralhe- designs and development of 
receivers utilizing parametric amplifiers. (BSEE 
and 2-4 years’ experience) 
oO PERSONNEL SELECTION AND TRAINING 
SPECIALISTS — To prepare job evaluations, 
manning structures for complex military 
systems, and forecast training aid needs. (PhD 
or EdD required) 
oO EQUIPMENT EVALUATION SPECIALISTS—To 
solve man-machine problems, evaluate 
alternative components, displays, or techniques 
and devise simulators. (PhD in Experimental 
Psychology) 
CABLING ENGINEERS —To resolve varied 
problems in grounding and associated 
shielding problems of complex electronics equip- 
ments. (EE degree with minimum 2 years’ 
experience) 
Pee onies DESIGNERS—To organize and 
perform logic designs of a high speed digi- 
tal computer. (Degree in EE, Math or Physics 
with minimum 4 years’ experience) 
oO CIRCUIT DESIGN ENGINEERS (DISPLAY) — 
To analyze equipment and circuit design 
requirements in data utilization and display 
subsystems. (Electrical Engineering degree with 
minimum 5 years’ experience required) 
L) Staves ANALYSTS — To conduct system 
analysis programs and feasibility studies 
which lead to the conception and development 
of new systems, subsystems, and equipments 
of advanced design and function. (Advanced 
degree in EE, Math or Physics preferred with 
3 years’ previous experience) 
[_) Tecswercat. WRITERS — To organize, write 
and publish progress and planning reports. 
(Engineering degree preferred with previous 
technical writing and editing experience in 


advanced electronics) 
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Dear Mr. Callender: Please send me an application form 

and additional information on the positions I have checked 

off above. 

I am a graduate engineer with degree (s) and 
years experience. 





NAME 
ADDRESS 
CITY. 

STATE 





ZONE. 








Mr. George B. Callender, Div. 74-WK 
HEAVY MILITARY ELECTRONICS DEPT. 


GENERAL @ ELECTRIC 


Court Street. Syracuse, New York 





Now you can meet the rapidly growing requirements 
of fluorescence microscopy with 
AO's New FLUORESTAR Microscope and Accessories 


A complete FLUORESTAR outfit consists, essen- 
tially, of an AO Spencer Microstar equipped with 
a special dark field stop in the condenser and a 
barrier filter over the compensating lens in the 
body; plus an AO Merc-Arc, Osram HBO-200, 
Illuminator with exciter filter for selective trans- 
mission of light rich in ultra-violet. This new AO 
FLUORESTAR outfit meets the most exacting re- 
quirements for dark field fluorescent antibody tests 
for pathogenic and non-pathogenic organisms. 

There are many FLUORESTAR models you can 
choose from... each will give you unequalled con- 
venience and versatility. FLUORESTAR Series 12 
and 14 can be used for dark field fluorescence and 
ordinary bright field microscopy; Series 16 and L16 
can be used for dark field fluorescence, phase and 
ordinary bright field microscopy. 


i) 


SPENCER 


American Optical 
Company 


INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 
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In addition to complete FLUORESTAR outfits, 
AO offers fluorescence accessories to equip your 
present AO Spencer bright field or phase micro- 
scope for dark field fluorescence. 

You can use your present microscope for rapid 
scanning of exfoliative cytology and related tech- 
niques by the simple addition of proper filters and 
the AO Spencer 390B Illuminator (with AH4 Mer- 
cury Arc Lamp). 

For complete information on the new FLUOR- 
ESTAR and complete accessories for fluorescence 
microscopy write for our new Brochure $B12, or 
contact your AO Sales Representative. He is thor- 
oughly trained in the techniques of fluorescence 
microscopy. Help with your specific problems is 
yours for the asking. 


Please forward the new FLUORESTAR Microscope 
Brochure SB12 
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